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The second edition of Algebra: Introductory and Intermediate examines the fun- 
damental ideas of algebra. Recognizing that the basic principles of geometry are 
a necessary part of mathematics, we have also included a separate chapter on 
geometry (Chapter 3) and have integrated geometry topics, where appropriate, 
throughout the text. The text has been designed not only to meet the needs of the 
traditional college student but also to serve the needs of returning students 
whose mathematical proficiency may have declined during years away from for- 
mal ‘education. 


In this new edition of Algebra: Introductory and Intermediate, we have continued 
to integrate some of the approaches suggested by AMATYC. Each chapter begins 
with a mathematical vignette in which there may be a historical note, an appli- 
cation, or a curiosity related to mathematics. At the end of each section there are 
“Applying the Concepts” exercises that include writing, synthesis, critical think- 
ing, and challenge problems. At the end of each chapter there is a “Focus on 
Problem Solving” that introduces students to various problem-solving strategies. 
This is followed by “Projects and Group Activities” that can be used for coopera- 
tive learning activities. 


INSTRUCTIONAL FEATURES 


Interactive Approach 


Algebra: Introductory and Intermediate uses an interactive style that provides a 
student with an opportunity to try a skill as it is presented. Each section is di- 
vided into objectives, and every objective contains one or more sets of matched- 
pair examples. The first example in each set is worked out; the second example, 
called “You Try It,” is for the student to work. By solving this problem, the stu- 
dent practices concepts as they are presented in the text. There are complete 
worked-out solutions to these examples in an appendix at the end of the book. 
By comparing their solution to the solution in the appendix, students are able to 
obtain immediate feedback on and reinforcement of the concept. 


Emphasis on Problem-Solving Strategies 


Algebra: Introductory and Intermediate features a carefully developed approach 
to problem solving that emphasizes developing strategies to solve problems. Stu- 
dents are encouraged to develop their own strategies, to draw diagrams, and to 
write strategies as part of their solution to a problem. In each case, model strate- 
gies are presented as guides for students to follow as they attempt the “You Try 
It” problem. Having students provide strategies is a natural way to incorporate 
writing into the math curriculum. 


Emphasis on Applications 

The traditional approach to teaching algebra covers only the straightforward 
manipulation of numbers and variables and thereby fails to teach students the 
practical value of algebra. By contrast, Algebra: Introductory and Intermediate 
contains an extensive collection of contemporary application problems. Wher- 
ever appropriate, the last objective of a section presents applications that require 
the student to use the skills covered in that section to solve practical problems. 
This carefully integrated applied approach generates student awareness of the 
value of algebra as a real-life tool. 


Completely Integrated Learning System Organized by Objectives 


Each chapter begins with a list of the learning objectives included within that 
chapter. Each of the objectives is then restated in the chapter to remind the 


“_ 


Xiv Preface 


An explanatory passage 
begins each objective. 


Paired examples follow the 
explanatory passage. 


The interactive key is the 
You Try It in each pair. It has 
not been worked, so that the 
student may practice the 
skill, referring to the worked 
example at the left if 
necessary. 


Reference to the Solutions 
Section allows the student 
to check full solutions 
immediately. 








student of the current topic of discussion. The same objectives that organize the 
text are also used as the structure for exercises, testing programs, and the HM? 
Tutorial. For each objective in the text, there is a corresponding computer tuto- 
rial and a corresponding set of test questions. 


AN INTERACTIVE APPROACH 


Instructors have long realized the need for a text that requires students to use a 
skill as it is being taught. Algebra: Introductory and Intermediate uses an interac- 
tive technique that meets this need. Every objective, including the one shown be- 
low, contains at least one pair of examples. One of the examples is worked. The 
second example in the pair (You Try It) is not worked so that students may “in- 
teract” with the text by solving it. To provide immediate feedback, a complete so- 
lution to this example is provided in the Answer Section at the end of the book. 
The benefit of this interactive style is that students can check that a new skill has 
been learned before attempting a homework assignment. 
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Objective A To determine whether a given number 
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POINT OF INTEREST 


One of the most famous 
equations ever stated is 

E= mc?. This equation, stated 
by Albert Einstein, shows that 
there is a relationship between 
mass mand energy E. Asa 
side note, the chemical 
element einsteinium was 
named in honor of Einstein. 


An equation expresses the equality of two 
mathematical expressions. The expres- 
sions can be either numerical or variable 
expressions. 


The equation at the right is true if the vari- 
able is replaced by 5. 


The equation is false if the variable is re- 
placed by 7. 


9+3=12 

3x —2=10 
y>+4=2y—-1 
ey 


x+8=13 
5+ 8=13 
7+ 8=13 


Equations 


A true equation 


A false equation 


A solution of an equation is a number that, when substituted for the variable, 
results in a true equation. 5 is a solution of the equation x + 8 = 13.7 is nota 








TAKE NOTE 


The Order of Operations 
Agreement applies to 
evaluating 2(—2) + 5 and 
(2223 


Example 1 


Solution 


Example 2 


Solution 
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solution of the equation x + 8 = 13. 


> Is —2 a solution of 2x + 5 = x? — 3? 
2542 3 
2(-2) + 5 | (-2)* -3 
24 54 23 
=1 


Yes, —2 is a solution 
of the equation. 


Is —4 a solution of You Try It 1 


5x —2=6x +2 
54) =2 | 6 4en2 
=e eae ee 
a, 


Your solution 


Yes, —4 is a solution. 


Is —4 a solution of 
4+ 5x = x? — 2x? 


You Try It 2 


Aner eG 
4+ 5(—4) | (—4)? — 2(-4) 
4 + (—20) | 16 — (—8) 
F604 


Your solution 


(# means “is not equal to”) 


® Replace x by —2. 

* Evaluate the numerical expressions. 

® Ifthe results are equal, —2 is a solution of 
the equation. If the results are not equal, 
—2 is not a solution of the equation. 


1 : 
Is me solution of 


5 — 4x = 8x + 2? 


Is 5 a solution of 
10x — x? = 3x — 10? 


Solutions on p. S4 





Preface XV 


_--~]AN EMPHASIS ON APPLICATIONS 


A strategy, which the 
student may use in solving 
an application problem, is 
stated. 


The strategy is used in 
the solution of the worked 
example. 


Students are encouraged to 
write a strategy for the 
application problem they 
solve. 


The traditional teaching approach neglects the difficulties that students have in 
making the transition from arithmetic to algebra. One of the most troublesome 
and uncomfortable transitions for the student is from concrete arithmetic to 
symbolic algebra. Algebra: Introductory and Intermediate recognizes the formi- 
dable task the student faces by introducing variables in a very natural way— 
through applications of mathematics. A secondary benefit of this approach is 
that the student becomes aware of the value of algebra as a real-life tool. 


The solution of an application problem in Algebra: Introductory and Intermediate 
is always accompanied by two parts: Strategy and Solution. The strategy is a 
written description of the steps that are necessary to solve the problem; the solu- 
tion is the implementation of the strategy. This format provides students with a 
structure for problem solving. It also encourages students to write strategies for 
solving problems, which, in turn, fosters organizing problem-solving strategies 
in a logical way. 


100 Chapter 2 / First-Degree Equations and Inequalities 


Example 2 
A chemist wishes to make 2 L of an 8% acid 


You Try It 2 
A pharmacist dilutes 5 L of a 12% solution 


solution by mixing a 10% acid solution and 
a 5% acid solution. How many liters of each 
solution should the chemist use? 


Strategy 


with a 6% solution. How many liters of the 
6% solution are added to make an 8% 
solution? 


Your strategy 





Liters of 10% solution: x 
Liters of 5% solution: 2 


The%sum of the quantities before mixing is 
equal to the quantity after mixing. 


Solution Your solution 


0.10x + 0.05(2 — x) = 0.08(2) 
0.10x + 0.10 — 0.05x = 0.16 
0.05x + 0.10 = 0.16 
0.05x = 0.06 
x=1.2 


2 = 22 = 0:8 


The chemist needs 1.2 L of the 10% solution 
and 0.8 L of the 5% solution. 








Solution on p. S6 


Copyright © Houghton Mifflin Company. All rights reserved. 





Xvi Preface 


An objective statement 
names the topic of each 
lesson. 


The exercise sets 
correspond to the objectives 
in the text. 


The answers to the odd- 
numbered exercises are 
provided in the Answer 
Section. 


The answers to the Chapter 
Review Exercises, the 
Chapter Test, and the 
Cumulative Review 
Exercises show the 
objective to study if the 
student incorrectly answers 
the exercise. 


OBJECTIVE-SPECIFIC APPROACH 


Many mathematics texts are not organized in a manner that facilitates manage- 
ment of learning. Typically, students are left to wander through a maze of appar- 
ently unrelated lessons, exercise sets, and tests. Algebra: Introductory and Inter- 
mediate solves this problem by organizing all lessons, exercise sets, computer 
tutorials, and tests around a carefully constructed hierarchy of objectives. The 
advantage of this objective-by-objective organization is that it enables the stu- 
dent who is uncertain at any step in the learning process to refer easily to the 
original presentation and review that material. 


The Objective-Specific Approach also gives the instructor greater control over 
the management of student progress. The Computerized Test Generator and the 
printed Test Bank are organized by the same objectives as the text. These refer- 
ences are provided with the answers to the test items, thereby allowing the 
instructor to quickly determine those objectives on which a student may need 
additional instruction. 


The HM? Tutorial is also organized around the objectives of the text. As a result, 
supplemental instruction is available for any objectives that are troublesome for 
a student. 








isIE 


2.2 Exercises 


Objective A 
Solve and check. 


1. 3x +1=10 2. 4y+3=11 


6. 2=5b + 12 





SECTION 2.1 


1. yes 3. no 5. no 
23. 6 25. 16 27.7 


7. yes 9. yes 11. yes 13. no 


292 Steel 33. 0 35. 3 


15. yes 
37. —10 


17. yes 
S93 


19. yes 21. no 
41. -14 43. 2 








CHAPTER REVIEW 
1.no [21A] 2.21 [2.1B] 












1 
3 
So (2 2C lo 1022 Clee 10! {rx>3| [2.4A] 11. (xlx>—-1) [24A] 12. fr-3<x<$} [2.4B] 


5p =*) (pal (6: 


S20 meal 4. -3 7 


[2.2A] [2.2B] 7.4 ([2.2B] 





3 


CHAPTER TEST 


1. =5 [228] 
8.-; [2.2C] 


2, —5) [2-1Bi 
9.2 [2.2B] 


33 2.2Al 
10. —12" [2:1] 


4.2 [2.2C] 5.no [2.1A] 
11. (x|x<— 3) [2.44] 


6.5 [2.2A] 7. 0.04 [2.1D] 
12. {x|x >-1)} [2.4A] 





CUMULATIVE REVIEW 


1.6 [1.1C] 58 13a 


19 
= [1.2C] rm 


2. —48 [1.1D] 3. 48 4.54 [1.2E] 6.6 [1.4A] 7. —17x [1.4B] 


8. —5a— 4b [1.4B] 





9. 2x [1.4C] 10. 36y [1.4C] 


11. 2x7 + 6x —4 [1.4D] 


12. —4x +14 [1.4D] 
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_~-~ADDITIONAL LEARNING AIDS 
Chapter Opener 


The Chapter Opener relates a historical, contemporary, or interesting note about 
mathematics or its application. 


Focus on Problem Solving 


At the end of each chapter there is a Focus on Problem Solving, the purpose of 
which is to introduce the student to various successful problem-solving strate- 
gies. Each Focus consists of a problem and an appropriate strategy to solve the 
problem. Strategies such as guessing, trying to solve a simpler but similar prob- 
lem, drawing a diagram, and looking for patterns are some of the techniques 
that are demonstrated. 


Projects and Group Activities 


The Projects and Group Activities feature can be used as extra credit or coop- 
erative learning activities. The projects cover various aspects of mathematics 
including the use of calculators, extended applications, additional problem- 
solving strategies, and other topics related to mathematics. 


Chapter Summaries 


At the end of each chapter there is a Chapter Summary that includes Key Words 
and Essential Rules that were covered in the chapter. These chapter summaries 
provide a single point of reference as the student prepares for a test. 


Study Skills 


The To the Student Preface provides suggestions for using this text and ap- 
proaches to creating good study habits. 


HN Tutorial 


This state-of-the-art tutorial software is a networkable, interactive, algorithmi- 
cally driven software package that supports every objective in the text. Written 
by the authors, the HM? Tutorial and the text are in the same voice. Features in- 
clude full-color graphics, a glossary, extensive hints, animated examples, and a 
comprehensive classroom management system. 


The algorithmic feature essentially provides an infinite number of practice prob- 
lems for students to attempt. The algorithms have been carefully crafted to pre- 
sent a variety of problems from easy to difficult. Helpful hints and a complete 
worked-out solution are available for every problem. When a student completes a 
problem, the student may choose to work another similar problem or move on to 
a different type of problem. A quiz feature is now also part of the package. 


The interactive feature asks students to respond to questions about the topic in 
the current lesson. In this way, students can assess their understanding of con- 
cepts as they are presented. These interactive questions are also algorithmically 
driven and offer hints as well as full solutions. 

The user-friendly classroom management system allows instructors to create a 
syllabus, post notes to individual students or a class, enter their own assessment 
items (homework, class participation, test results, etc.), and specify the mastery 
level. There are a variety of printable reports offered that can be called up by stu- 
dent, by class, by objective, etc. Instructors can use such reports to tell at a 
glance which students are not achieving the specified mastery level. 


Glossary 
A Glossary at the end of the book includes definitions of terms used in the text. 


Margin Notes 


There are three types of margin notes in the student text. Point of Interest notes 
feature interesting sidelights of the topic being discussed. The Take Note feature 
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Preface 


warns students that a procedure may be particularly involved or reminds 
students that there are certain checks of their work that should be performed. 
Calculator Notes provide suggestions for using a calculator in certain situations. 
In addition, there are Instructor Notes, which are printed only in the Instructor's 
Annotated Edition. These notes provide suggestions for presenting the material 
or related material that can be used in class. 


Index of Applications 


The Index of Applications illustrates the power and scope of mathematics and 
its application. This may help some students see the benefits of mathematics as 
a tool that is used in everyday experiences. 


EXERCISES 


End-of-Section Exercises 

Algebra: Introductory and Intermediate contains more than 6000 exercises. 
At the end of each section there are exercise sets that are keyed to the corre- 
sponding learning objectives. The exercises are carefully developed to en- 
sure that students can apply the concepts in the section to a variety of problem 


Calculator exercises 


situations. Data analysis exercises are identified by 
~~ 





are identified by 





Applying the Concepts Exercises 


The End-of-Section Exercises are followed by Applying the Concepts Exercises. 
These sections contain a variety of exercise types, including: 


e challenge problems 

e problems that require the student to determine if a statement is always true, 
sometimes true, or never true 

e problems that ask students to determine incorrect procedures 


Writing Exercises 
Within the “Applying the Concepts Exercises,” there are Writing Exercises de- 
noted by Y . These exercises ask students to write about a topic in the section 


or to research and report on a related topic. 


Chapter Review Exercises 


Review Exercises are found at the end of each chapter. These exercises are se- 
lected to help the student integrate all of the topics presented in the chapter. The 
answers to all Chapter Review Exercises are given in the answer section at the 
end of the book. Along with the answer, there is a reference to the objective that 
pertains to each exercise. 


Chapter Test Exercises 


The Chapter Test Exercises are designed to simulate a possible test of the mate- 
rial in the chapter. The answers to all Chapter Test Exercises are given in the 
answer section at the end of the book. Along with the answer, there is a reference 
to the objective that pertains to each exercise. 


Cumulative Review Exercises 


Cumulative Review Exercises, which appear at the end of each chapter (begin- 
ning with Chapter 2), help students maintain skills learned in previous chap- 
ters. The answers to all Cumulative Review Exercises are given in the answer 
section. Along with the answer, there is a reference to the objective that pertains 
to each exercise. 
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__--NEW TO THIS EDITION 


In response to suggestions by users, we now offer an Instructor’s Annotated Edi- 
tion for Algebra: Introductory and Intermediate. It is an exact replica of the full- 
color student text except that it also offers answers to all the exercises as well as 
helpful Instructor Notes in the margin. 


A Chapter Test has been added for each chapter in the text. 
A new Calculator Note margin feature has been added. 


We have more than doubled the number of projects found at the end of the chap- 
ters. In addition, those projects involving calculators and Internet sites have 
been easily identified with the appropriate icon. Graph interpretation exercises 
have also been added to the projects. 


Career notes and photos have been added to the chapter openers to illustrate to 
students the diverse ways in which mathematics is used in the workplace. 


New and colorful icons have been added for the Writing, Data, Calculator, and 
Internet exercises. 


All the real sourced data exercises and examples have been updated, and many 
new data problems have been added. 


SUPPLEMENTS FOR THE INSTRUCTOR 


Instructor’s Annotated Edition 


The Instructor’s Annotated Edition is an exact replica of the student text except 
that answers to all exercises are given in the text. Also, there are Instructor Notes 
in the margin that offer suggestions for presenting the material in that objective. 


Instructor’s Resource Manual with Solutions Manual 


The Instructor’s Resource Manual includes suggestions for course sequencing 
and outlines for the answers to the writing exercises. The Solutions Manual con- 
tains worked-out solutions for all end-of-section exercises, Applying the Concepts 
exercises, Chapter Review Exercises, Chapter Tests, and Cumulative Review Ex- 
ercises as well as appropriate Focus on Problem Solving and Projects and Group 
Activities. 


Computerized Test Generator 


The Computerized Test Generator is the first of three testing materials. The data- 
base contains more than 2000 test items. These questions are unique to the Test 
Generator. The Test Generator is designed to provide an unlimited number of 
tests for each chapter, cumulative chapter tests, and a final exam. It is available 
for Microsoft Windows® and the Macintosh. Both versions provide algorithms, 
on-line testing, and gradebook functions. 


Printed Test Bank with Chapter Tests 


The Printed Test Bank, the second component of the testing material, is a print- 
out of all items in the Computerized Test Generator. Instructors who do not have 
access to a computer can use the test bank to select items to include on a test be- 
ing prepared by hand. Chapter tests contain the printed testing program, which 
is the third source of testing material. Four printed tests, two free response and 
two multiple choice, are provided for each chapter. In addition, there are cumu- 
lative tests after Chapters 4, 8, and 12, and a final exam. 
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SUPPLEMENTS FOR THE STUDENT 


Student Solutions Manual 
The Student Solutions Manual contains the complete solution to all odd- 
numbered exercises in the text. 


HM Tutorial 


The content of this new, interactive, state-of-the-art tutorial software was writ- 
ten by the authors and is in the same voice as the text. The HM? Tutorial sup- 
ports every objective in the text. Problems’are algorithmically generated, lessons 
provide animated examples, lessons and problems are presented in a colorful, 
lively manner, and an integrated classroom management system tracks and re- 
ports student performance. Features include: 


e assessment e pedagogical animations 

e free-response problems e interactivity within lessons 

e ability to repeat same problem type ° algorithms 

¢ printing capability e extensive classroom management with 
e glossary —syllabus customization 

e resizable screen —variety of reports 


The HM? Tutorial can be used in several ways: (1) to cover material the student 
missed because of an absence; (2) to reinforce instruction on a concept that the 
student has not yet mastered; (3) to review material in preparation for exams; 
(4) for self-instruction. 


The networkable HM? Tutorial is available on CD-ROM for Windows. There is 
also an alternate version offered for the Macintosh, available only on floppy disk. 
The HM? Tutorial is free to any school upon adoption of this text; however, stu- 
dents can purchase a non-networkable copy of the HM? Tutorial for home use. 


7 
Within each section of the book, a computer icon appears next to each 


objective. The icon serves as a reminder that there is an HM? Tutorial lesson cor- 
responding to that objective. 


Videotapes 
Within each section of the text, a videotape icon (C5) appears next to an 





objective for which there is a corresponding video. The icon contains the refer- 
ence number of the appropriate video. Each video topic is related to an applica- 
tion, and the necessary mathematics to solve that problem are then presented. 
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fake an active role in the 
earning process. 


Do the homework. 
Attend class regularly. 


Participate in class. 


Use the features of the text. 


Read the objective 
statement. 


Read the objective 
material. 


Study the in-text 
examples. 


Use the boxed examples. 


1. Study the example on the 
left. 


2. Solve the You Try It 
example. 


3. Check your work against 
the solution in the back of 
the book. 


Do the exercises. 


Check your answers to the 
odd-numbered exercises. 


Read the Chapter Summary. 


Do the Chapter Review 
exercises. 





Many students feel that they will never understand math, while others appear to 
do very well with little effort. Oftentimes what makes the difference is that suc- 
cessful students take an active role in the learning process. 


Learning mathematics requires your active participation. Although doing home- 
work is one way you can actively participate, it is not the only way. First, you 
must attend class regularly and become an active participant. Second, you must 
become actively involved with the textbook. 


Algebra: Introductory and Intermediate was written and designed with you in 
mind as a participant. Here are some suggestions on how to use the features of 
this textbook. 


There are 12 chapters in this text. Each chapter is divided into sections, and each 
section is subdivided into learning objectives. Each learning objective is labeled 
with a letter from A to G. 


First, read each objective statement carefully so you will understand the learn- 
ing goal that is being presented. Next, read the objective material carefully, be- 
ing sure to note each bold word. These words indicate important concepts that 
you should familiarize yourself with. Study carefully each in-text example (de- 
noted by an orange arrow), noting the techniques and strategies used to solve 
the example. 


You will then come to the key learning feature of this text, the boxed examples. 
These examples have been designed to assist you in a very specific way. Notice 
that in each example box, the example on the left is completely worked out and 
the “You Try It” example on the right is not. You are expected to work the right- 
hand example (in the space provided) in order to immediately test your under- 
standing of the material you have just studied. 


You should study the worked-out example carefully by working through each 
step presented. This allows you to focus on each step and reinforces the tech- 
nique for solving that type of problem. You can then use the worked-out exam- 
ple as a model for solving similar problems. 


Next, try to solve the “You Try It” example using the problem-solving techniques 
that you have just studied. When you have completed your solution, check your 
work by turning to the page in the Appendix where the complete solution can be 
found. The page number on which the solution appears is printed at the bottom 
of the example box in the right-hand corner. By checking your solution, you will 
know immediately whether or not you fully understand the skill you just studied. 


When you have completed studying an objective, do the exercises in the exercise 
set that correspond with that objective. The exercises are labeled with the same 
letter as the objective. Algebra is a subject that needs to be learned in small sec- 
tions and practiced continually in order to be mastered. Doing all of the exer- 
cises in each exercise set will help you to master the problem-solving techniques 
necessary for success. As you work through the exercises for an objective, check 
your answers to the odd-numbered exercises with those in the back of the book. 


After completing a chapter, read the Chapter Summary. This summary high- 
lights the important topics covered in the chapter. Following the Chapter Sum- 
mary are a Chapter Review, a Chapter Test, and a Cumulative Review (beginning 
with Chapter 2). Doing the review exercises is an important way of testing your 
understanding of the chapter. The answer to each review exercise is given in an 
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Check your answers. 


Restudy objectives you 
missed. 


Do the Chapter Test. 


Check your answers. 


Restudy objectives you 
missed. 


Appendix at the back of the book. Each answer is followed by a reference that 
tells which objective that exercise was taken from. For example, (4.2B) means 
Section 4.2, Objective B. After checking your answers, restudy any objective that 
you missed. It may be very helpful to retry some of the exercises for that objec- 
tive to reinforce your problem-solving techniques. 


The Chapter Test should be used to prepare for an exam. We suggest that you try 
the Chapter Test a few days before your actual exam. Take the test in a quiet 
place and try to complete the test in the same amount of time you will be al- 
lowed for your exam. When taking the Chapter Test, practice the strategies of 
successful test takers: 1) scan the entire test to get a feel for the questions; 2) 
read the directions carefully; 3) work the problems that are easiest for you first; 
and, perhaps most importantly, 4) try to stay calm. 


When you have completed the Chapter Test, check your answers. If you missed a 
question, review the material in that objective and rework some of the exercises 
from that objective. This will strengthen your ability to perform the skills in 
that objective. 


The Cumulative Review allows you to refresh the skills you have learned in 
previous chapters. This is very important in mathematics. By consistently re- 
viewing previous material, you will retain the skills already learned as you build 
new ones. 


Remember, to be successful: attend class regularly; read the textbook carefully; 
actively participate in class; work with your textbook using the “You Try It” ex- 
amples for immediate feedback and reinforcement of each skill; do all of the 
homework assignments; review constantly; and work carefully. 
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Real Numbers and 
Variable Expressions 





Objectives 


Section 1.1 
To use inequality symbols with integers 


To find the additive inverse and absolute value of a 
number 


To add or subtract integers 
To multiply or divide integers 
To solve application problems 


Section 1.2 

To write a rational number as a decimal 

To convert among percents, fractions, and decimals 
To add or subtract rational numbers 

To multiply or divide rational numbers 

To evaluate exponential expressions 

To simplify numerical radical expressions 

To solve application problems 


Section 1.3 


To use the Order of Operations Agreement to simplify 
expressions 


Section 1.4 
To evaluate a variable expression 


To simplify a variable expression using the Properties 
of Addition 


To simplify a variable expression using the Properties 
of Multiplication 

To simplify a variable expression using the Distributive 
Property 

To translate a verbal expression into a variable 
expression 


Section 1.5 

To write a set using the roster method 

To write a set using set-builder notation 
To graph an inequality on the number line 





ne 


History of Variables 


Prior to the 16th century, unknown quantities were 
represented by words. In Latin, the language in which 
most scholarly works were written, the word res, meaning 
“thing,” was used. In Germany the word zahl, meaning 
“number,” was used. In Italy the word cosa, also meaning 
“thing,” was used. 


Then in 1637, René Descartes, a French mathematician, 
began using the letters x, y, and z to represent variables. It 
is interesting to note, upon examining Descartes’s work, 
that toward the end of the book the letters y and z were no 
longer used and x became the choice for a variable. 


One explanation of why the letters y and z appeared less 
frequently has to do with the nature of printing presses 
during Descartes’s time. A printer had a large tray that 
contained all the letters of the alphabet. There were many 
copies of each letter, especially those letters that are used 
frequently. For example, there were more e’s than q’s. 
Because the letters y and z do not occur frequently in 
French, a printer would have few of these letters on hand. 
Consequently, when Descartes started using these letters 
as variables the printer’s supply was quickly depleted and 
x’s had to be used instead. 


Today, x is used by most nations as the standard letter for 
a single unknown. In fact, x rays were so named because 
the scientists who discovered them did not know what 
they were and thus labeled them the “unknown rays” or 
X rays. 





a 


MACAU) 


Objective A 


_ TAKE NOTE 


_ We suggest you read “To the 
- Student” on page xxi. It 


¥ 


_ provides an explanation of the 


organization of the chapters 


and lessons of this text. 


Reinet Ott tt ht et 

ee ON 2, 3, 4) "5 

UY —_,———- 
Negative Positive 
integers Zero integers 


_ POINT OF INTEREST 


~ The Alexandrian astronomer 


Ptolemy began using omicron, 
o, the first letter of the Greek 


_ word that means “nothing,” as 
- the symbol for zero in a.p. 150. It 


was not until the 13th century, 
however, that Fibonacci 
introduced 0 to the Western 
world as a placeholder so that 


~ we could distinguish, for 


example, 45 from 405. 
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Integers 





To use inequality symbols with integers .........0:ccccccccecseesesesseseees (UF) 


It seems to be a human characteristic to put similar items in the same place. For 
instance, a biologist places similar animals in groups called phyla, and a geolo- 
gist divides the history of the earth into eras. 


Mathematicians likewise place objects with similar properties in sets and use 
braces to surround the objects in the set. The numbers that we use to count ob- 
jects, such as the number of people at a baseball game or the number of horses 
on a ranch, have similar characteristics. These numbers are the natural numbers. 


Natural numbers = {1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11,...} 


The natural numbers alone do not provide all the numbers that are useful in ap- 


plications. For instance, a meteorologist needs numbers below zero and above 
zero. 


Integers'= {e185 57345355 293 0, 4p2, 37455, 70) 


Each integer can be shown on a number line. The graph of an integer is shown 
by placing a heavy dot on the number line directly above the number. The graph 
of —3 and that of 4 are shown on the number line at the left. 


The integers to the left of zero are negative integers. The integers to the right of 
zero are positive integers. Zero is neither a positive nor a negative integer. 


Consider the sentences below. 


The quarterback threw the football and the receiver caught it. 
An accountant purchased a calculator and placed it in a briefcase. 


In the first sentence, it means football; in the second sentence, it means calcula- 
tor. In language, the word it can stand for many different objects. Similarly, in 
mathematics, a letter of the alphabet can be used to stand for a number. Such a 
letter is called a variable. Variables are used in the next definition. 


Definition of Inequality Symbols 


lf aand bare two numbers and ais to the left of b on the number 
line, then ais less than b. This is written a < b. 


If aand b are two numbers and ais to the right of b on the number 
line, then ais greater than b. This is written a > b. 





There are also inequality symbols for less than or equal to (=) and greater 
than or equal to (=). For instance, 


6 = 6 because 6 = 6. 7 = 15 because 7 < 15. 


It is convenient to use a variable to represent, or stand for, any one of the ele- 
ments of a set. For instance, the statement “x is an element of the set {0, 2, 4, 6}” 
means that x can be replaced by 0, 2, 4, or 6. The symbol for “is an element of” is 
E; the symbol for “is not an element of” is €. For example, 


2 € (0, 2, 4, 6} 6 € (0, 2, 4, 6} GEO .2,,4,.6} 
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Example 1 You Try It 1 
Let x € {—6, —2, 0}. For which values of x Let y € {—5, —1, 5}. For which values of y is 
is the inequality x < —2 a true statement? the inequality y > —1 a true statement? 


Solution Your solution 
Replace x by each element of the set and 
determine whether the inequality is true. 


x<=-2 
—6=-2 True. -6<-2 
—2=-2 True. -2=-2 
0=-2 False. 





The inequality is true for —6 and —2. 
Solution on p. S1 





Objective B_ To find the additive inverse and absolute value of a number ..... (Cp) 


Ie 5 —><— 5 | On the number line, the numbers 5 and —5 are the same distance from zero 
but on opposite sides of zero. The numbers 5 and —5 are called opposites or 


Br edes= 210.152 93415 
additive inverses of each other. (See the number line at the left.) 


TAKE NOTE The opposite (or additive inverse) of 5 is —5. The opposite of —5 is 5. The sym- 


The distance from 0 to 5 is 5; bol for opposite 1s —. 


|5| = 5. The distance from 0 to 








“sis 5:|—5| <5 —(5) means the opposite of positive 5. =(5)——5 

i —(—5) means the opposite of negative 5. =(—5)—5 

The absolute value of a number is its distance from zero on the number line. 
POINT OF INTEREST The symbol for absolute value is two vertical bars, | |. 
The definition of absolute 
value that we have given in Absolute Value 
the box is written in what is 9} =9 
called “rhetorical style.” That The absolute value of a positive number is the number itself. The 
is, itis written without the use absolute value of zero is zero. The absolute value of a negative 
of variables. This is how all_ number is the opposite of the negative number. (=7| = 7 
mathematics was written prior 
to the Renaissance. During that 
period, from the 14th to the 16th 
century, the idea of expressing 
a variable symbolically was => Evaluate: —|—12| 
developed. ; 
=|=12| = +12 * The absolute value sign does not affect the negative sign 


in front of the absolute value sign. 


Example 2 You Try It 2 

Let a € {—12, 0, 4}. Find the additive Let z € {—11, 0, 8}. Find the additive inverse 
inverse of a and the absolute value of a of z and the absolute value of z for each 

for each element of the set. element of the set. 


Solution Your solution 
Replace a by each element of the set. 


—a la| 
—~(-12)=12 |-12|= 12 
-(0)=0 |ol\=0 
-(4)=-4 |al=4 





Solution on p. S1 


Objectivé C- 
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To add or subtract integers Ca) 
SOPOT HM? 


A number can be represented anywhere along the number line by an arrow. A 
positive number is represented by an arrow pointing to the right, and a negative 
number is represented by an arrow pointing to the left. The size of the number 
is represented bythe length of the arrow. 





So) —4 
a ee oe eee ete 
a i ee ca Ud 
10 OR Sila Ore 43) 2 OF 12 3) 9455-16 97 8 (9) 10 





Addition of integers can be shown on the number line. To add integers, start at 
zero and draw an arrow representing the first number. At the tip of the first ar- 
row, draw a second arrow representing the second number. The sum is below the 
tip of the second arrow. 


+4 +2 
= at ee 
Dac © + SS tS 
-7 6 5 -4-3 2-10 12 3 45 67 


=4 + (—2) = -6 es ; . , 
7 -6 -5 -4 -3 2-10 12 3 4 5 6 7 


-44+2=-2 ass 


-7 -6 - -4 3 2-10 12 3 4 5 6 7 


4+(-2)=2 Soa 
7 -6 - -4 3 2-10 12 3 4 5 6 7 


The pattern for the addition of integers shown on the number line can be sum- 
marized in the following rule. 


Addition of Integers 


e Numbers with the same sign 
To add two numbers with the same sign, add the absolute values 
of the numbers. Then attach the sign of the addends. 


© Numbers with different signs 
To add two numbers with different signs, find the absolute value 
of each number. Then subtract the smaller of these numbers from 
the larger one. Attach the sign of the number with the larger 
absolute value. 





wp Add: (—9) + 8 


|-9}=9 |8|=8 © The signs are different. Find the absolute value of each 
number. 

Or 8 ¢ Substract the smaller number from the larger. 

(-9)+8=—-1 ® Attach the sign of the number with the larger absolute value. 


- Because |—9| > |8|, use the sign of —9. 


6 
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m Add: (—23) + 47 + (-18) + 5 


To add more than two numbers, add the first two numbers. Then add the 
sum to the third number. Continue until all the numbers are added. 


(—23) + 47 + (-18) + 5 = 24 + (-18) +5 
=6+5 
S| 


Look at the two expressions below and note that each expression equals the 
same number. 


8-3=5 8 minus 3 is 5. 
8 + (-3)=5 8 plus the opposite of 3 is 5. 


This example suggests that to subtract two numbers, we add the opposite of the 
second number to the first number. 


first’ |" |\second |. | \first : the opposite of 
number number number the second number 


40 = cor r= 40 + (—60) = —20 
—40 = 60 = -40 + (—60) = —100 
—40 =" ©=60)) =» 407 See 60 = 20 

40 = En OW) |e 40) + 60 = 100 


=» Subtract: —21 — (—40) 
Change this sign to plus. 


—21 — (—40) = —21 + 40 = 19 e Rewrite each subtraction as addition of the 
opposite. Then add. 


Change —40 to the 
opposite of —40. 


™> Subtract: 15 — 51 


Change this sign to plus. 


15S ="15— C_5r).— —56 ® Rewrite each subtraction as addition of the 
Sena opposite. Then add. 


Change 51 to the 
opposite of 51. 


=> Subtract: —12 — (—21) — 15 


+12 —(—21) sae=— 124 2 Et) * Rewrite each subtraction as addition 
=9 + (—15) of the opposite. Then add. 


= -~6 
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Example 3 Add: (—52) + (—39) You Try It3 Add: 100 + (—43) 


Solution The signs are the same. Add the Your solution 
absolute values of the numbers: 
52+ 39=91 


Attach the sign of the addends: 
(=52) AA(—39)iy=911 


Example 4 Add: zs You Try It4 = Add: 
30a 52) (21) 4 (7) (—51) + 42 + 17 + (—102) 
Solution 37 + (—52) + (—21) + (-7) Your solution 
SOs + (=21)+ (-7)) 
—36 + (-7) 
= —43 


Example 5 Subtract: —11 — 15 You Try It5 Subtract: 19 — (—32) 


solution” —11 — 15 = —11 + (—15) Your solution 
= —26 


Example 6 Subtract: You Try It6 Subtract: 
ed a oi ee Oat 2) 
Solution —14 — 18 — (—21)-4 Your solution 
tae to) 2 (4) 
—32 + 21 + (—4) 
—ih--(—4) 
=-15 
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Objective D To multiply or divide integers...........ccccccccccescsssnsessecsesteseensenseneeens (Ch) 


Multiplication is the repeated addition of the same number. The product 3 x 5 is 
shown on the number line below. 


5 5 5 5 is added 3 times. 
ff coe ee eee 
3945 = 5 ar DS -- D = 15 


OM a tensa Oe SS LOI tease 14S 
POINT OF INTEREST 


The cross x wasfirstusedasa To indicate multiplication, several different symbols are used. 
~ symbol for multiplication in 1631 
in a book titled The Key to 
Mathematics. Also in that year, 
another book, Practice of the 


3X5 =15 3°-5=15 (3)(5) = 15 3(5) = 15 (3)5 = 15 


Analytical Art, advocated the Note that when parentheses are used and there is no arithmetic operation sym- 
use of a dot to indicate bol, the operation is multiplication. Each number in a product is called a factor. 
multiplication. : 


For instance, 3 and 5 are factors of the product 3 - 5 = 15. 
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TAKE NOTE 
3(—5) is 3 times —5. 


Now consider the product of a positive and a negative number. 


—5 is added 3 times. 
sO 
3(—5) = (—5) + (-5) + (-5) = -15 * Multiplication is repeated addition. 


This suggests that the product of a positive number and a negative number is 
negative. Here are a few more examples. 


4(—7) = —28 (—6)5 = —30 (=5) e335 


To find the product of two negative These numbers These numbers 
numbers, look at the pattern at the decrease by 1. a. ee W._inress by S. 
right. As —5 multiplies a sequence of (oe 
decreasing integers, the products in- = (2) 10 
crease by 5. =5(1)-=§=5 
The pattern can be continued by re- O° 
quiring that the product of two nega- -H-lye 3 
tive numbers be positive. —5€2)= 10 
—5(—3)= 5 


Multiplication of Integers 


¢ Numbers with the same sign 
To multiply two numbers with the same sign, multiply the absolute 
values of the numbers. The product is positive. 


¢ Numbers with different signs 
To multiply two numbers with different signs, multiply the absolute 
values of the numbers. The product is negative. 





=> Multiply: —2(5)(—7)(—4) 


—2(5)(—7)(—4) = —10(—7)(—4) ¢ To multiply more than two numbers, multiply 
70(—4) = —280 the first two. Then multiply the product by the 
third number. Continue until all the numbers 


are multiplied. 


For every division problem there is a related multiplication problem. 


8 
Sake because 4-2=8 
Division Related multiplication 


This fact and the rules for multiplying integers can be used to illustrate the rules 
for dividing integers. 


Note in the following examples that the quotient of two numbers with the same 
sign is positive. 


1 = 12: 

3 > 4 because 4-3 = 2 “Za = because 423) =12 
The next two examples illustrate that the quotient of two numbers with different 
signs is negative. 


12 welZ 
ai —4 because (—4)(—3) = 12 te —4 because (—4) -3 = —12 
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Division of Integers 


° Numbers with the same sign 
To divide two numbers with the same sign, divide the absolute 
values of the numbers. The quotient is positive. 


° Numbers with different signs 
To divide two numbers with different signs, divide the absolute 
values of the numbers. The quotient is negative. 





=> Simplify: = 
= 950 —56 
H.(58)- con 
-12 12 12 : : 
Note that eae and gee This suggests the following rule. 


TAKE NOTE 


The symbol + is read “is not 
equal to.” 





PROPERTIES OF ZERO AND ONE IN DIVISION 


e Zero divided by any number other than zero is zero. 






0 0 
—=0 because 0-a=0 For example, 7 = Obecause 0- 7 = 0. 
a 
- CALCULATOR NOTE ¢ Division by zero is not defined. 
=) Enter 4[=]0[=]on your To understand that division by zero is not permitted, suppose that = were 
eee uv asian equal to n, where n is some number. Because each division problem has a 
related multiplication problem, ; =n means n - 0 = 4. But n - 0 = 4 is impos- 
sible because any number times 0 is 0. Therefore, division by 0 is not defined. 
e Any number other than zero divided by itself is 1. 
A = 
—=l1az#0 For example, ze =1. 
TAKE NOTE a 
ee tent OF page 2 ° Any number divided by one is the number. 
explains how best to use the 
‘boxed examples in this text, a 9 
such as the one below. As For example, ah 9. 


Example7 Multiply: (—3)4(—5) You Try It7 Multiply: 8(—9)10 
Solution (—3)4(—5) = (—12)(—5) = 60 Your solution 


Solution on p. S1 
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Example 8 Multiply: 12(—4)(—3)(—5) You Try It8 Multiply: (—2)3(—8)7 
Solution 12(—4)(—3)(—5) Your solution 
= (—48)(—3)(-5) 
144(—5) = —720 


Example9 Divide: (—120) + (—8) You TryIt9 Divide: (—135) + (—9) 
Solution (—120) + (—8) =15 Your solution 


see ai 
Example 10 Divide: = You Try It10 Divide: te 


piles 
=5 





Solution —19 Your solution 


Example 11 Divide: = You Try It 11 


Solution = iia neal Your solution 





Solutions on p. S1 


Objective E To solve application problems...........::::c:ccsccscsssesesssersesescssssssnsssesens (cH 


To solve an application problem, first read the problem carefully. The Strategy 
involves identifying the quantity to be found and planning the steps that are nec- 
essary to find that quantity. The Solution involves performing each operation 
stated in the Strategy and writing the answer. 


Example 12 You Try It 12 

The average temperature on Mercury's sunlit The daily low temperatures (in degrees 
side is 950°F. The average temperature on Celsius) during one week were recorded as 
Mercury’s dark side is —346°F. Find the follows: —6°, —7°, 0°, —5°, —8°, —1°, -1°. 
difference between these two average Find the average daily low temperature. 
temperatures. 


Strategy Your strategy 
To find the difference, subtract the average 
temperature on the dark side (—346) from 


the average temperature on the sunlit side 
(950). 


Solution Your solution 
950 — (—346) = 950 + 346 


= 1296 
The difference between these average 
temperatures is 1296°F. 


Solution on p. S1 





1.1 Exercises 


2) 18: aere &, ae pe? 0) *e) fen a 
ms eeeaenn ee ie-S Rielare. .@: 40) Fue \he se) 8) ee ee) 0. (6: @) ley 6 8! ‘seis e'* 60, 6 0: tomamaemeniesbremnerst<asvenasonoinemicenenny 


Objective A 
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TAKE NOTE 


“To the Student” on page xxi 
discusses the exercise sets in 
this textbook. 


Place the correct symbol, < or >, between the two numbers. 


is.) 6 Poe A LG 3. 
6rd; 42 7,427 Tap 311 8. 
Answer true or false. 
Bie 13.0 2 202-3 13. 
1627-44 > —21 ie 10) 18. 
Zieeecr x —{—23, —18, —8, 0}. For which val- 


23. 


25. 


ues of x is the inequality x < —8 a true 
statement? 


Let a € {—33, —15, 21, 37}. For which val- 
ues of a is the inequality a > —10 a true 
statement? 


Let n © {-—23, —1, 0, 4, 29}. For which 
values of 1 is the inequality —6 > na true 
statement? 





Objective B 


Find the additive inverse. 


Zi 4 28. 8 29. -9 
Evaluate. 

33. —(-14) 34. —(-—40) 35. ' —(77) 
39. |-74| 40. |—96| 41. —|—82) 


2 1 
Se ar) 
(231 
Ves 
Za. 
24. 
26. 
30. 
36. 
42. 


A 3a) 28 ae 19 

oF 5 40 LOS 27 =39 
14. 937 13.) 5 2 
193- 1-240 20... =10 ——83 


Let w © {=33, —24, —10, 0}. For which 
values of w is the inequality w < —10a 
true statement? 


Let v €{—27, —14, 14, 27}. For which val- 
ues of v is the inequality v > —15 a true 
statement? 


Let m € {—33, —11, 0, 12, 45}. For which 
values of m is the inequality -15 >ma 
true statement? 


=2 si 32. —36 
—(39) 37. —(0) 38.) C13) 
—|-53| 43. —|81| 44, —|38| 
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Place the correct symbol, < or >, between the values of the two numbers. 
45. |—83| |58| 46. |22| |-19| 47. |43| Sy 48. |—71| |—92| 


49. |-68|  |-42| 50. |12|  |-31 51. |-45|  |-61| 52. |-28| [43] 


53. Let p € {-19, 0, 28}. Evaluate —p for 54. Let g © {—34, 0, 31}. Evaluate —q for each 
each element of the set. element of the set. 


55. Let x € {—45, 0, 17}. Evaluate —|x| for 56. Let y € {—91, 0, 48}. Evaluate —|y| for each 
each element of the set. element of the set. 





Objective C 


Add or subtract. 


57.> =34@8) 58.4069) 59s 8 tas 60. -9+2 
Glen 3 4-80) (OR Oey 63) = 237 (23) 64, =12 2G) 
65. 16 +(-16) 664g 77 Sal7 67. 48 + (—53) 68. 19 + (—41) 


69. —17+(-3)+29 70. 13+ 62+(-38) 71. -3+(-8)+12 72. —27 + (—42) + (-18) 


TO Nees: dA da 15. 1 14 LOALO. au 
de ae 2 18. =9 = 4. LO le O(n) 80. 3 — (-4) 
Sie a6 (—3) $25 4-4 anG2) $35 165-12) 84... 122-16 


85.) 13e+ (—22) +4 + (=5) SG 43) tad 2) 


S75 22 -4- 20 + 2) (— 48) 88. —67 (—-8) + 144 (4) 





89. 


91. 


93. 


95. 


97. 


99. 


102. 


105. 


108. 


114. 


~16 + (=17) + (-18) + 10 


26 + (—15) + (-11) + (-12) 


—17 + (—18) + 45 + (-10) 


46 + (—17) + (—13) + (—50) 


—14 + (-15) + (-11) + 40 


-4-3-2 


Stee 3) (215) 


Pit rile Sita?) 


AZ OL 6D: 1 


a7 = (67) — 13. = 15 


Ast 119;— 29.—: 51 


100. 


103. 


106. 


109. 


rz: 


115; 
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90... —25 + (—31) + 24 +.19 
92. —32 + 40 + (—8) + (-19) 
94. 23+ (—15) + 9 + (-15) 
96. "S37 2 ($17) + (12) + (—15) 
98. 28 + (—19) + (—8) + (—1) 
Beas i he LOR Gas 
See en eel) aml ; 104. —8 —(-8) - 14 
Ve en) O75 ie (05) et 
=| 64 1 = 63, = 12 1109242 — (—30)\— 65 — (1) 


—18 = 49—(— 84) — 27, 113. 


21 —( 14) =43 7 12 116. 


19 Ni (= 36)r 2 


17 = (Gly) S44 2a 
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Objective D 
Multiply or divide. 


117. (14)3 118. (17)6 119. S74 120.-3 7 121. (—12)(-5) 122. (—13)(-9) 


123. —11(23) 124. -—8(21) 125. (-17)14 126. (—15)12. 127. 6(—19) 1282 1713) 


1295) 12 (—6) 130; 18 =(—3) 131. (—72)+(-9) 132. (—64)+(-8) 133. -—42+6 


134. (-56)+8 135. (-—144)+12 136. (—93)+(-3) 137. 48 + (-8) 138.297 s4b= 3) 


aie — 45 — 44 — 36 98 
eo A oe ON a are 142. 143 eee 
85 —120 -72 ~80 -114 
144, —— _-—— 46. -—— .-— _-— 
aa 145 : 146 i 147s ee 148. 


—261 =128 


149. 0+(-9) 150. 0+ (—14) TSI: 9 132. i 153559 30 

1547 (2 1):=.0 ~ 155. 5 156. 2 157. 7 158. — 
159.57) G-3) 160. as 161. 9(—7)(—4) 162. (—2)(6)(—4) 

163. 16(—3)5 164. 20(—4)3 165. —4(—3)8 166. —5(—9)6 

167. —3(—8)(-9) 168" —7(—6)(—5) 169. (—9) 76) 170. (—8)7(10) 

TT 1 ed (= 2)(5)(—6) TZ. G3) i -2)8 173. —9(—4)(—8)(=10), 474. 113) 5) 2) 


175. 7(9)(-11)4 176° *—12(—4) 712) 177. (—14)9(—11)0 178. (—13)(15)(—19)0 
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Objective E Application Problems 


The elevation, or height, of places on the earth is measured in relation to sea 
level, or the average level of the ocean’s surface. The table below shows 


height above sea level as a positive number and depth below sea level as a 
negative number. Use the table for Exercises 179 to 181. 





179. 
¢ 
180. 
¢ 
181. 


¢ 


The table at the right shows the boiling point and the melting 
point in degrees Celsius of three chemical elements. Use this table 
for Exercises 182 and 183. 


182. 
¢€ 
183. 


¢ 


184. 


185. 


Find the difference in elevation between Mt. Aconcagua and Death 
Valley. 


What is the difference in elevation between Mt. Kilimanjaro and 
the Qattara Depression? 


For which continent shown is the difference between the highest and 
lowest elevations greatest? 





Find the difference between the boiling point and the melt- 
ing point of carbon. 


Find the difference between the boiling point and the melting point 
of xenon. . 


To discourage random guessing on a multiple-choice exam, a profes- 
sor assigns 5 points for a correct answer, —2 points for an incorrect 
answer, and 0 points for leaving the question blank. What is the score 
for a student who had 20 correct answers, had 13 incorrect answers, 
and left 7 questions blank? 


To discourage random guessing on a multiple-choice exam, a profes- 
sor assigns 7 points for a correct answer, —3 points for an incorrect 
answer, and —1 point for leaving the question blank. What is the score 
for a student who had 17 correct answers, had 8 incorrect answers, 
and left 2 questions blank? 
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The bar graph at the right shows the net income or 
loss for US Airways for the years 1992 to 1997. Use 
this graph for Exercises 186 to 188. 


186. 





187. 
¢ 
188. 


¢ 


1000 


500 
What was the total net income or loss for 
the years shown in the graph? 


What was the difference between the net in- 
come or loss in 1993 and 1994? 


-500F 


~1000 
What was the difference between the net in- 


come or loss in 1995 and 1994? 


US Airways’s net income/loss (in millions of dollars) 


—1500 


Sources: Transportation Department, US Airways 


A meteorologist may report a wind-chill temperature. This is the equivalent 
temperature, including the effects of wind and temperature, that a person 


would 


feel in calm air conditions. The table below gives the wind-chill tem- 


perature for various wind speeds and temperatures. For instance, when the 
temperature is 5°F and the wind is blowing at 15 mph, the wind-chill tem- 
perature is —25°F. Use this table for Exercises 189 and 190. 


Wind-Chill Factors 








1025 








Wind 
Speed Thermometer Reading (degrees Fahrenheit) 
(naph) 
35 30 25 20 15 10 5 OO = se = 10) 157/207) 25) 30 2 35 —40 —45 
5 SS Ty) yA 1) 12 ie 0 EO) a lO LS 2h 26 Bil 36 42 —47 D2 
10 22s ALO. 10 3 ao 95 15 224 274) $34" 404 460 eo2 58 —64 Sel Pond 
15 16 9 2 5 a Mid eS ie Por Ole Bd bean Faso eee Oe ber Ol! cael 2 =18 Foo) = on 
20 12 4 =3) =102- 17-24 930) 539) S465) 253) 601) One ada a Ol Os he oe eau O38) 
25 8 1 Ty 1522 295 2236) 44 51 59 66) | 745 eI —88 = 96) 2 W038.) et 10) 
30 Gro 2) TO ete? 25 (= 33) Sab. e400 5658 od |) 19s = Soy 693) Ol a 00s eho 
35 ANS eae eli 20 Dy 35 43 5215867 74s S82 00s 2 Oe Oona he 20 
40 Bey ek Se O20 BT ee 8 eOO Va tOO tal On lao o2 100 107 dS 125 
45 2 6N) Ae 00 308 385) =46 54 62 708 8h Oo 938. 102. | 09s ea ee 
189. When the thermometer reading is —5°F, what is the difference be- 
¢ tween the wind-chill factor when the wind is blowing 10 mph and 
when the wind is blowing 30 mph? 
190. When the thermometer reading is —20°F, what is the difference be- 


tween the wind-chill factor when the wind is blowing 15 mph and 
when the wind is blowing 25 mph? 


APPLYING THE CONCEPTS 


LoL: 


‘A 


192, 


If —4x equals a positive integer, is x a positive or a negative integer? 
Explain your answer. 


Is the difference between two integers always smaller than either of 
the integers? If not, give an example for which the difference between 
two integers is greater than either integer. 





a 


aoe 





0 


TERS 





= 
TESS GES 


Objective A 


POINT OF INTEREST 


As early as a.0. 630, the Hindu 
mathematician Brahmagupta 
wrote a fraction as one number 
over another separated by 

a space. The Arab 
mathematician al Hassar 
(around A.D. 1050) was the first 
to show a fraction with the 
horizontal bar separating the 
numerator and denominator. 


POINT OF INTEREST 


Simon Stevin (1548-1620) was 
the first to name decimal 
numbers. He wrote the number 
2.345 as 20314253. He called 
the whole number part the 
commencement, the tenths 
digit was prime, the hundredths 
digit was second, the 
thousandths digit was third, 
and so on. 
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Rational and Irrational Numbers 


To write a rational number as a decimal...........0..00..... sce eapp Eaada rere (23) 


A rational number is the quotient of two integers. A rational number written in 


this way is commonly called a fraction. Here are some examples of rational 
numbers. 


PE UNGI be tyes : 
—4’ 1’ 6 


Rational Numbers 


. : : : a 
A rational number is a number that can be written in the form ae 


where aand bare integers and b + 0. b 





Because an integer can be written as the quotient of the integer and 1, every in- 
teger is a rational number. For instance, 


A number written in decimal notation is also a rational number. 


| 43 
three-tenths 2 forty-three thousandths 0.043 = 1000 


A rational number written as a fraction can be written in decimal notation. 


; eed ; 
Write 2 as a decimal. Write 11 2s 4 decimal. 


The fraction bar can be read “+”. O3636445< > Inisis ne 
yar a repeating 
5 11 14.0000 decimal. 
: 70 
0.625 <— This is called G6 
) a terminating aaa 
8.).5.000 decimal. 40 
raid —33 
20 70 
218 —66 
40 4 <— The remainder 
—AOQ is never zero. 
0 <— The remainder 
is Zero. 4 
— = 0.36<—— The bar over the digits 3 
5 11 and 6 is used to show that 
SS WSS these digits repeat. 
8 
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4 : 
Example 1 Write ~ as a decimal. Place a You Try It 1 Write 5 asa decimal. Place a 


bar over the repeating digits of bar over the repeating digits of 
the decimal. the decimal. 


Solution = = (R= 22 eS Oe Your solution 


Solution on p. SI | 4 





Objective B_ To convert among percents, fractions, and decimals...... ea) (T4}) 


Percent means “parts of 100.” Thus 27% means 27 parts of 100. 


In applied problems involving percent, it may be necessary to rewrite a percent 
as a fraction or decimal or to rewrite a fraction or decimal as a percent. 


: ‘ 3 : 1 
To write a percent as a fraction, remove the percent sign and multiply by qo: 


mp Write 27% as a fraction. 


1 2H 1 
27% = 27 im) = T00 e Remove the percent sign and multiply by 70° 


To write a percent as a decimal, remove the percent sign and multiply by 0.01. 


33% = 33(0.01) = 0.33 


Move the decimal point two places to 
the left. Then remove the percent sign. 


A fraction or decimal can be written as a percent by multiplying by 100%. 





De 500 1 
= = —(100%) = % = 62.5%, or 62—% 
8 8 2 
0.82 = 0.82(100%) = 82% 
Move the decimal point two places to 
the right. Then write the percent sign. 


Example 2 You Try It 2 
Write 130% as a fraction and as a Write 125% as a fraction and asa 


decimal. decimal. 


Solution Your solution 


1 130m 
130% = 130 eee 
F (5) - 100 10 





130% = 130(0.01) = 1.30 


Solution on p. S1 


Example 3 


Solution . = = (100%) = 


6 
Example 4 


Solution 





ures 
Write 6 as a percent. 


Write 0.092 as a percent. 
0.092 = 0.092(100%) = 9.2% 


Section 1.2 / Rational and Irrational Numbers 19 


AF Wl 
You Try It3 Write 3 as a percent. 


500 | 


or 2 % Your solution 


You Try It4 Write 0.043 as a percent. 


Your solution 
Solutions on p. S2 


Objective C To add or subtract rational numbers ..........0...0.666006000000000............, (2) 


TAKE NOTE 


You can find the LCM by 
multiplying the denominators 
and then dividing by the 

~ common factor of the two 
denominators. In the case of 
6 and 10, 6 - 10 = 60. Now 
divide by 2, the common 
factor of 6 and 10. 


60 + 2 = 30. 


TAKE NOTE 


The least common multiple of 
the denominators is frequently 
called the least common 
denominator (LCD). 


Fractions with the same denominator are added by adding the numerators and 
placing the sum over the common denominator. 


Addition of Fractions 


To add two fractions with the same denominator, add the numerators 
and place the sum over the common denominator. 


a 
C 





To add fractions with different denominators, first rewrite the fractions as equiv- 
alent fractions with a common denominator. Then add the fractions. 


The least common denominator is the least common multiple (LCM) of the 
denominators. This is the smallest number that is a multiple of each of the 
denominators. 


3 


Sr 
mp Add: Eee tA 


The LCM of 6 and 10 is 30. Rewrite the fractions as equivalent fractions with 
the denominator 30. Then add the fractions. 

3 
10 


ye LebEZS gamed? 16. 8 
3.) 130" SOMmNCOSD 30 15 


To subtract fractions with the same denominator, subtract the numerators and 
place the difference over the common denominator. 


7 


=> Subtract: -; = (-3) 


The LCM of 9 and 12 is 36. Rewrite the fractions as equivalent fractions with 
the denominator 36. Then subtract the fractions. 


36 36 36 


4 c= 16 [- 3) - Oe) neat 


ecomninns6. 
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To add or subtract decimals, write the numbers so that the decimal points are 
in a vertical line. Then proceed as in the addition or subtraction of integers. 
Write the decimal point in the answer directly below the decimal points in the 


problem. 
mp Add: —114.039 + 84.76 
|—114.039| = 114.039 © The signs are different. Find the absolute value of 
|84.76| = 84.76 each number. 
114.039 e Subtract the smaller of these numbers from the 
— 84.76 larger. 
29.279 e Attach the sign of the number with the larger 


absolute value. Because |—114.039| > [84.76], 


—114.039 + 84.76 = —29.279 use the sign of —114.039. 


3 : ; 7 5 3 
; You Try It5 Simplify: ie Gee 


Example5 Simplify: -; 4: - 


Solution The LCM of 4, 6, and 8 is 24. Your solution 


18 4 15 


2A, wevanen2s 

_ =18 + 4 = 15 
24 

2 ae 29 


wang oe 


5 
Se 
8 


Example 6 Subtract: 42.987 — 98.61 You Try It6 Subtract: 16.127 — 67.91 


Solution 42.987 — 98.61 Your solution 
= 42.987 + (—98.61) 
= OL 





Solutions on p. S2 


Objective D To multiply or divide rational numbers (2h 
Soa eee kobhie take Ga ae TE co ie aaa HM? | 


The product of two fractions is the product of ac 
the numerators divided by the product of the b d 
denominators. 


vatoe cae 
™ Multiply: 5-75 
iS ; i = Seale ¢ Multiply the numerators. Multiply the 
Srul7e 6nie denominators. 


i 
jh oat Z-Z-3 © Write the prime factorization of each 
DIDS factor. Divide by the common factors. 
ied 
Ped © Multiply the factors in the numerator 
34 and in the denominator. 


ah 


won 


TAKE NOTE 


To invert the divisor means 
to write its reciprocal. The 


reciprocal pee 
2 25° 18 
TAKE NOTE 


The symbol ~ is used to 
indicate that the quotient is 
an approximate value that has 
been rounded off. 
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To divide fractions, invert the divisor. Then multiply the fractions. 


WW Ms as 
=> Divide: ice 4 


The signs are different. The quotient is negative. 


Bae ae Spee 3S 
{0 25 0mm WO is) Vion te 





1 1 
--(5953,)--3 
TDs) A 
1 1 


To multiply decimals, multiply as with integers. Write the decimal point in the 
product so that the number of decimal places in the product equals the sum of 
the decimal places in the factors. 


=™> Multiply: —6.89(0.00035) 


6.89 2 decimal places 
x 0.00035 5 decimal places * Multiply the absolute values. 
3445 
2067 


0.0024115 7 decimal places 
—6.89(0.00035) = —0.0024115 ° The signs are different. The product is negative. 


To divide decimals, move the decimal point in the divisor to the right to make it 
a whole number. Move the decimal point in the dividend the same number of 
places to the right. Place the decimal point in the quotient directly over the deci- 
mal point in the dividend. Then divide as with whole numbers. 


=> Divide: 1.32 + 0.27. Round to the nearest tenth. 


4.88 ~4.9 
0.27. ) 1.32.00 © Move the decimal point 2 places to the right 
Os in the divisor and then in the dividend. Place 
240 the decimal point in the quotient. 
=216 

240 

Eze 

24 


5 


Seo 3 
Example7 Divide: 2 > (-3) You TryIt7 Divide: — 5 + 


40 


Solution The quotient is positive. Your solution 





Solution on p. S2 } ; 
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Example 8 Multiply: —4.29(8.2) You Try It8 Multiply: —5.44(3.8) 


Solution The product is negative. Your solution 


4.29 
KeOre 
858 
3432 
55178 


—4.29(8.2) = —35.178 





Objective E 


POINT OF INTEREST 


René Descartes (1596-1650) 
was the first mathematician to 
extensively use exponential 
notation as it is used today. 
However, for some unknown 
reason, he always used xx 
for x2. 


Solution on p. S2 


Do DoD DD = oe exponent a-a:a:‘a=as exponent 


leah base (ee base 


The exponent indicates how many times the factor, called the base, occurs in 
the multiplication. The multiplication 2 - 2 - 2 - 2 - 2 is in factored form. The ex- 
ponential expression 2° is in exponential form. 

2! is read “the first power of 2” or just 2. Usually the exponent | is not written. 
2? is read “the second power of 2” or “2 squared.” 

23 is read “the third power of 2” or “2 cubed.” 

24 is read “the fourth power of 2.” 


a‘ is read “the fourth power of a.” 


There is a geometric interpretation of the first three natural-number powers. 





41=4 42 = 16 43 = 64 
Length 4 ft Area 16 ft2 Volume 64 ft? 
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To evaluate an exponential expression, write each factor as many times as indi- 
cated by the exponent. Then multiply. 


=™ Evaluate (—2)¢. 


(<2) = (—2)(—2)(—2)(—2) © Write (—2) as a factor 4 times. 
= 16 ¢ Multiply. 


= Evaluate —24. 


eo) == (27 2-2) * Write 2 as a factor 4 times. 
= —-16 ® Multiply. 


From these last two examples, note the difference between (—2)4 and —27%. 


(—2)4 = 16 
—24 = —(24) = -16 


Example9 Evaluate —53. You Try It9 Evaluate —63. 
Solution —5? = —(5-5-5) = —125 Your solution 


Example 10 Evaluate (—4)*. You Try It10 Evaluate (—3)*. 


Solution (—4)* = (—4)(—4)(—4)(—4) Your solution 
=I 56 


Example 11 Evaluate (—3)? - 23. You Try It11_ Evaluate (33)(—2);. 


Solution (—3)* - 23 = (—3)(—3) - (2)(2)(2) Your solution 
=9-8=72 


3 2 2 
Example 12. Evaluate (-2 : You Try It12 Evaluate ( -2) 3 


3 
Solution [- 5] Your solution 
3 


Example 13. Evaluate —4(0.7)?. You Try It13 Evaluate —3(0.3)?. 


Solution —4(0.7)? = —4(0.7)(0.7) Your solution 
= —2.8(0:7) = —1.96 


Solutions on p. S2 
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Objective F To simplify numerical radical CXPreSSIONS......0..ccccsecccccrereeerennee {30} } 


POINT OF INTEREST 


The radical sign was first used 
in 1525 but was written as J. 
Some historians suggest that 
the radical sign also developed 


into the symbols for “less than” 


and “greater than.” Because 
typesetters of that time did not 
want to make additional 
symbols, the radical sign was 
rotated to the position and 
used as a “greater than” 
symbol and rotated to -_ and 
used for the “less than” 
symbol. Other evidence, 
however, suggests that the 
“less than” and “greater 
than” symbols were 
developed independently of 
the radical sign. 


TAKE NOTE 


To find the square root of a 
perfect square written in 
exponential form, remove the 
radical sign and multiply the 


1 
exponent by 3 


A square root of a positive number x is a number whose square is x. 


A square root of 16 is 4 because 4* = 16. 
A square root of 16 is —4 because (-4)* = 16. 


Every positive number has two square roots, one a positive and one a nega- 
tive number. The symbol “\/” called a.radical sign, is used to indicate the 
positive or principal square root of a number. For example, V16 = 4 and 
\/25 = 5. The number under the radical sign is called the radicand. 


When the negative square root of a number is to be found, a negative sign is 


placed in front of the radical. For example, —V 16 = —4 and —V25 = —5. 
The square of an integer is a perfect 7? = 49 

square. 49, 81, and 144 are examples of 92 = 81 

perfect squares. 12? = 144 

An integer that is a perfect square can be AQ =] = 1" 


Sle Suca den Seond HeSn 
(AGS 22 a3 aaa se 


written as the product of prime factors, 
each of which has an even exponent 
when expressed in exponential form. 


=> Simplify V 625. 
V625 = V54 e Write the prime factorization of the radicand 
in exponential form. 
= 5" e Remove the radical sign and multiply the 
exponent by ss 
2 
= 25 © Simplify. 


If a number is not a perfect square, its square root can only be approximated. 
For example, 2 and 7 are not perfect squares. The square roots of these num- 
bers are irrational numbers. Their decimal representations never terminate 
or repeat. 


\/) = 1-4142135.0. V1 2 645i. 


rt : 6 
Recall that rational numbers are fractions such as —= or ll where the nu- 


7 3h 
merator and denominator are integers. Rational numbers are also represented 
by repeating decimals, such as 0.25767676 ..., and by terminating decimals, 


such as 1.73. An irrational number is neither a repeating nor a terminating deci- 
mal. For instance, 2.45445444544445 ... is an irrational number. 


Real Numbers 


The rational numbers and the irrational numbers taken together are 


called the real numbers. 
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A radical expression is in simplest form when the radicand contains no factor 
greater than 1 that is a perfect square. The Product Property of Square Roots is 
used to simplify radical expressions. 


The Product Property of Square Roots 


If aand bare positive real numbers, then V ab = Va- Vb. 





=> Simplify: V360 


V 360 = V23- 37-5 * Write the prime factorization of the 

radicand. 

=V (22 37)(2 - 5) ¢ Write the radicand as a product of a perfect 
square and factors that do not contain perfect- 
square factors. 

2s VS e Use the Product Property of Square Roots. 

=2-3V10 * Take the square root of the perfect squares. 

= 6V10 


From the last example, note than V360 = 6V/10. The two expressions are dif- 
ferent representations of the same number. Using a calculator, we find that 
V 360 = 18.973666 and 6V 10 = 6(3.1622777) = 18.973666. 


=> Simplify: V —16 


Because the square of any real number is positive, there is no real number 
whose square is —16. V —16 is not a real number. 


Example 14 Simplify: 3/90 You Try It 14 Simplify: —5V32 


Solution 3\/90 = 3V2- 32-5 Your solution 
95 V 37(2-.5) 
E33 205 
= 3-3V10 =9V10 


Example 15 Simplify: V 252 You Try It15 Simplify: V216 
Solution 252 = V2?- 37-7 Your solution 
= V2 V7 
=2-3V7 
=6V 7 


Solutions on p. S2 
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—_ eS gt 
Objective G To solve application problems. ........:sseeerecsseesseenreees (TBD) '¢@) | 


One of the applications of percent is to express a portion of a total as a percent. 
For instance, a recent survey of 450 mall shoppers found that 270 preferred the 
mall closest to their home even though it did not have as much store variety as a 
mall farther from home. The percent of shoppers who preferred the mall closest 
to home can be found by converting a fraction to a percent. 


Portion preferring mall closest to home _ 270 
Total number surveyed 450 


= 0.60 = 60% 


According to the Congressional Budget Office, the U.S. federal budget deficit in 
1996 was $107.3 billion. The number 107.3 billion means 


107.3 X 1,000,000,000 = 107,300,000,000 
———————————————— 


1 billion 


Numbers such as 107.3 billion are used in many instances because they are easy 
to read and offer an approximation to the actual number. Such numbers are 
used in Example 16 and You Try It 16. 


Example 16 You Try It 16 
¢ The actual and projected spending for ¢ The circle graph below shows the 
software, equipment, and services for breakdown of the population of the 
intranets is shown in the bar graph below. United States by generation. What percent 
Find the difference between expenditures in of the population of the United States is in 
2000 and in 1998. the baby-boomer generation? Round to the 
nearest percent. 
30 


Born after ’76 Born before ’46 
72.4 million 68.3 million 


N 
So 


— 
o 


N 
eo 
ES 
736 
gS 
ee 
ne 
Os 
go 
y= 
=| 
se 
g 

Ss 


OC & 2S =] Es ee 
1995 1996 1997 1998 1999 2000 


Source: Killen & Associates Born 65-76 ‘ Born ’46-64 


44.6 million e 77.6 million 


Source: Data from U.S. Census Bureau 


Strategy Your strategy 
To find the difference, subtract the 

expenditures in 1998 ($11.2 billion) from 

those in 2000 ($20.1 billion). 


Solution Your solution 
DOME see S29 


The difference is $8.9 billion. 
Solution on p. S2 
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ZB 


1.2 Exercise 


ened a CREM Bere? 9) SOB. 0! 08 (0..'s. (0. 0/6) eR ahs: SUS Re ole Bi eco: @. 6 a Mebeyie ce SoBe Sue 


Objective A 


Write as a decimal. Place a bar over the repeating digits of a repeating decimal. 





1 7 2 8 1 
Le = 2. - 3. = ._ = eS 
8 8 9 hs Sia 
> 9 15 V. tall 
6. — 7. — 8. — 9. — ._— 
6 16 16 12 le 
6 14 9 21 5 
11. — 12, — 13, — 14, — 15. — 
25 25 40 40 z 11 
Objective B 
Write as a fraction and as a decimal. 
16. 75% 17. 40% 18. 64% 19. 88% 20. 125% 
21. 160% 22. 19% 23. 87% 24. 5% 25. 450% 
Write as a fraction. 
1 2 1 1 y 
26. La Dae 45% 28. 125% 29. oT, 30. 662% 
1 iS 
31. i % 32. 5% 33. 65% 34. 835% 35. 574? 
Write as a decimal. 
36. 7.3% 37. 9.1% 38. 15.8% 39. 16.7% 40. 0.3% 
41. 0.9% 42. 9.9% 43. 9.15% 44. 121.2% 45. 18.23% 
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Write as a percent. 





46. 0.15 47. 0.37 48. 0.05 49. 0.02 50. 0.175 

Bi Ol h25 52; 1:15 53: 1836 54. 0.008 55. 0.004 

56. =, 57. = 58. : 59. 60. - 

61. 5 62. - 63. 5, 64. 5 65. 25 
Objective C 


Add or subtract. 


66. st 67. 2-2 68. 5-3 69. -2-= 
nae ee 
8313-5 7959p ee eee 
82. +-(-Z)-2 83. 3-47 84. =-5+2 85. at+E-5 
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86. 7.56 + 0462 87. 1.09 + 6.2 88. —32.1 — 6.7 89> 5)13489179 
90. —13.092 + 6.9 91. 2.54 — 3.6 92. 5.43 + 7.925 93.. —16.92 —6.925 
94. —3.87 + 8.546 95. 6.9027 — 17.692 96. 2.09 — 6.72 — 5.4 
97. —18.39 + 4.9 — 237 98.7912 —(— 3072): — 8275 99. ~—3.07 — (—2.97) —17.4 
100. 16.4 — (—3.09) — 7.93 101. —3.09 — 4.6 — (—27.3) 102. 2.66 — (—4.66) — 8.2 
Objective D 


Multiply or divide. 
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121. 1.2(3.47) 12226 (—01)6:2 123. (=1:89)(—2.3) 
124. (6.9)(—4.2) 125. 1.06(—3.8) 126. = 2.7(35) 
172-05). s) 128. —2.4(6.1)(0.9) 129. 2.3(—0.6)(0.8) 
13029 —1.2(-0:55)(1-9) 131. 0.44(—2.3)(—0.5) 132. -~34622,)G0>) 
133. 1.8(0.33)(—0.4) 134. 4.5(—0.22)(—0.8) 135. —24.7 + 0.09 


Divide. Round to the nearest hundredth. 





136. —1.27 + (-1.7) 137. 9.07 + ©@3.5) 138. 0.0976 + 0.042 
139. -—6.904 + 1.35 140. —7.894 + (—2.06) 141. —354.2086 + 0.1719 
Objective E 

Evaluate. 

142. 62 143. 74 144. —72 145. -—4 146. (-—3) 
1\2 33 

147. (-2)3 148. (-—3)4 149. (—5)3 150. a 151. -3| 

2: 1\3 

152-40.3)2 153. (1.5)3 154. alee 2 155. (-5] -8 156. (0.3)? - 23 

1575 (0.5)-2 3° 158. (—3)- 2? 159. (—5)- 34 160. (—2)-(—2)3 

161. (—2) - (—2)? 162. 23- 33-(-4) 163. (—3)?- 527-10 164. (—7)-4*- 32 


165. (2) 2 (3) 166. (=) = 3 167. (3) -(—4) - 2? 168.7 8°. (=3)° 5 
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Objective F 
Simplify. 
169. V16 170. V64 171. \/49 172. 144 173... Veo 174. \/50 
175. V8 176. V/12 177. 6.18 fund 780-3348 179. 5/40 180. 2/28 
(Sie 15 182. ~w¥1 183. 29 184. V/13 185. -9V72 186. 1180 
187. V45 188. V225 189. Vo 190. 210 191. 6/128 192. 9\/288 


Find the decimal approximation rounded to the nearest thousandth. 


193. V240 194. 300 195. \/288 196. 600 197. 256 198. \/324 
199. V275 200. V450 201. V245 202. 1/525 203. V352 204. V363 





Objective G Application Problems 


205. Movies made in the United States that are not Box-Office Grosses (in millions of dollars) 
¢ blockbusters in this country may make consid- | . 

erable money abroad. At the right is a table 
showing five films and their box-office grosses, 
in millions of dollars, at home and in foreign 
countries. 

a. What percent of Waterworld’s total gross 
was from foreign countries? Round to the 
nearest percent. Re eee 

b. What percent of Judge Dredd’s total gross source: Time Magazine, July 7, 1997 
here and abroad was its U.S. box-office 
gross? Round to the nearest percent. 

c. Which of the films listed grossed more than 
half their box-office income in foreign 
countries? 





206. According to the Federal Highway Administration, the average car is 
driven approximately 10,300 mi per year and uses approximately 495 
gal of gas. Assuming that the average cost of gasoline is $1.097 per gal- 
lon, which includes $.443 for all taxes, and that there are 1.53 million 
cars on the road, determine how much total tax is paid for gasoline in 
one year. (You may not need all the data given in this problem.) 
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207. 





208. 





209. 


¢ 


When a U.S. company does business with another 
country, it is necessary to convert U.S. currency 
into the currency of the other country. These ex- 
change rates are determined by various factors. 

The exchange rates for some currencies during 

one day in July 1998 are shown in the table at the 

right. 

a. If you sold goods worth 1.2 million U.S. dollars 
to France, how many French francs would you 
receive? 

b. How many U.S. dollars, to the nearest cent, are 
equivalent to 1 British pound? 


The circle graph at the right shows the sources of 
donations to social causes. What percent of the 
total is contributed by corporations? Round to the 
nearest percent. 


The table below shows the first-quarter profits and 
losses for 1997 for three companies in the toy in- 
dustry. Profits are shown as positive numbers; 
losses are shown as negative numbers. One-quarter 
of a year is three months. 





Giving, by Source (in billions of dollars) 


Corporations $7.4 
Bequests $9.8 






Foundations $10.4 


Source: Giving USA, 1996, AAFRC Trust for Philanthropy 


a. If earnings were to continue throughout the year at the same level, 
what would the annual earnings or losses be for Mattel, Inc.? 


b. For the quarter shown, what was the average monthly profit or loss 


for Acclaim Entertainment? 





Source: The Wall Street Journal, May 5, 1997 


APPLYING THE CONCEPTS 


210. 


Use a calculator to determine the decimal representations of 


17 45 
99’ 99’ 


73 : : : 
and 60: Make a conjecture as to the decimal representation of =. 


33 
99 


List the whole numbers between V8 and V90. 


Does your conjecture work for ==? What about =? 


Describe in your own words how to simplify a radical expression. 


Explain why 2V2 is in simplest form and V8 is not in simplest form. 
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C 3. The Order of Operations Agreement 


te 


Objective A To use the Order of Operations Agreement to 


BIENIAIINY GRP GSOIONG rg cere cer kasi sscsaniter¥ssoecssnisisicsseovbiusiyns (a) | ¢G) | 


Let's evaluate 2+ 3-5. 


There are two arithmetic operations, addition and multiplication, in this expres- 
sion. The operations could be performed in different orders. 


Multiply first. eee Add first. Zoos 
U+._-—_’ ._-—_Y 
Then add. 22 ls Then multiply. Sa 
ee Ss 
7 25 


In order to prevent there being more than one answer for a numerical expres- 
sion, an Order of Operations Agreement has been established. 


THE ORDER OF OPERATIONS AGREEMENT 


Perform operations inside grouping symbols. Grouping 
symbols include parentheses ( ), brackets [ ], braces {}, 


Simplify exponential expressions. 
Do multiplication and division as they occur from left to right. 
Do addition and subtraction as they occur from left to right. 





=> Evaluate 12 — 24(8 — 5) + 22. 


12 — 24(8 — 5) + 2? = 12 — 24(3) + 2? ® Perform operations inside grouping 


symbols. 
= 12 — 24(3) + 4 * Simplify exponential expressions. 
=12—72>4 © Do multiplication and division as they 
occur from left to right. 
212-18 
= —6 © Do addition and subtraction as they 


occur from left to right. 


One or more of the above steps may not be needed to evaluate an expression. In 
that case, proceed to the next step in the Order of Operations Agreement. 
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When an expression has grouping symbols inside grouping symbols, perform the 
operations inside the inner grouping symbols first. 


=> Evaluate 6 + [4 — (6 — 8)] + 2?. 


6 +[4—-(6— 8)] + 22 =6 + [4 - (-2)] + 2? Perform operations inside 
grouping symbols. 


=6+6+ 2? 

=6+6+4 ¢ Simplify exponential 
expressions. 

=1+4 ® Do multiplication and division 
as they occur from left to right. 

=5 * Do addition and subtraction as 


they occur from left to right. 


Example 1 You Try It 1 
Evaluate 4 — 3[4 — 2(6 — 3)] = 2. Evaluate 18 — 5[8 — 2(2 — 5)] + 10. 
Solution Your solution 
4— 3[4— 26 — 3)] = 2 
99 Ae) || 
=4=— 3/4 —6] + 2 
=4— 3[—2]/ +2 
=4+6+2 
=4+3 
=7 


Example 2 You Try It 2 
Evaluate 27 + (5 — 2)? + (—3)?- 4. Evaluate 36 + (8 — 5)* — (—3)? - 2. 
Solution Your solution 
27 + (5 — 2)? + (-3)? - 4 
= 27 + 37+ (-3)*-4 
=27/—-9 --9 94 
=3+9:-4 
=3+ 36 
= 39 


Example 3 You Try It 3 
Evaluate (37 554.103) == 01025 + 6:1. Evaluate (6.97 — 4.72)* - 4.5 + 0.05. 


Solution Your solution 
C75 = 123)- 0.0254 6.1 
= (0.45)? + 0.025 + 6.1 
= 0.2025 + 0.025 + 6.1 
Sale rO el 
= 14.2 


Solutions on p. S3 





1.3 Exercises 


Objective A 
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Evaluate by using the Order of Operations Agreement. 


1. 


10. 


13. 


16. 


19: 


Za. 


25. 


28. 


31. 


4-8+2 


b6ns 3 25--2° 


Sr)" 


16-2-4 


162 lo (—5) - 2 


1015 — 8) + 2° 


16— 4 


eo 


Gi 


Doel? (6-2) er 334 


20 + (10 — 23) + (—5) 


(=10) + (—2) 


pee Ret 


OMG 4,8) (1.2)? 


2: 


11. 


14. 


17. 


20. 


23. 


26. 


29: 


OZ 


240113 


24 SOS eS) 


16:5 1642 4 


D7 ee (32) 


14 - 2?- (4-7) 


Be Lomas 2) 


2 


SS 





24 + =e) 


4116. A/S )leeel 0 


GP RS SIP eS 


33-7 


Sie Ne 
27+2 — 


16-4- 





(les) e— 2252 les 


i: 


1: 


18. 


ZA: 


24. 


21. 


30. 


33. 


ZBi 4) (= 3) 


Star a= )) 


12 lo 42 


4 TDP 3 2 


14-2?-|4-7| 


2 aio (oe 25) 


18 + |9 — 23) + (-3) 


18 + 2-42 —(-3) 


4(-8) = 1207 —-3)-] 


(0.2)? (=0.5)'+ 1.72 


(1-65 =. 1:05)2 = 0.4 0%8 
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Soe oee2 Seon 3) (5) 3 
~+(5+5 .(>-s]s 36. (—| ==] +2 
ed: 3 (2 +3) 2° (= IE | De ee 


APPLYING THE CONCEPTS 


: : 2 5 : 
37. Find two fractions between a and a (There is more than one answer to 
this question.) 


38. A magic square is one in which the numbers in every row, column, and 
diagonal sum to the same number. Complete the magic square at the 
right. 


39. For each part below, find a rational number r that satisfies the con- 
dition. 
are iD. £4 fen ec. FST 





40. Ina survey of consumers, approximately 43% said they would be will- 
ing to pay between $1000 and $2000 more for a new car if the car had 
an EPA rating of 80 mpg. If your car now gets 28 mpg and you drive 
approximately 10,000 mi per year, in how many months would your 
savings on gasoline pay for the increased cost of such a car? Assume 
the average cost for gasoline is $1.06 per gallon. 


Z 


41. Find three different natural numbers a, b, and c such that ‘ = b ~ t iSta 


natural number. 


42. The following was offered as the simplification of 6 + 2(4 — 9). 
Y 6 + 2(4 — 9) =6 + 2(-5) 

8(—5) 

= 40 


Is this a correct simplification? Explain your answer. 


43. The following was offered as the simplification of 2 - 3°. 


Y 2-33 = 63 = 216 


Is this is a correct simplification? Explain your answer. 


44. Ifaand bare rational numbers and a < , is it always possible to find a 
rational number c such that a < c < b? If not, explain why. If so, show 
how to find one. 
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: 1 Al Variable Expressions 
Objective A_ To evaluate a variable GRDIOSSION iiss ce csccsescdvnivescivvecs TIT Tiss 2 AOD CG) 


Often we discuss a quantity without knowing its exact value—for example, the 
price of gold next month, the cost of a new automobile next year, or the tuition 


POINT OF INTEREST 


Historical manuscripts 
indicate that mathematics is 


cost for next semester. Recall that a letter of the alphabet can be used to stand 
for a quantity that is unknown or that can change, or vary. Such a letter is 
called a variable. An expression that contains one or more variables is called a 


at least 4000 years old. Yet it 
was only 400 years ago that 
mathematicians started using 
variables to stand for 
numbers. The idea that a 
letter can stand for some 
number was a critical turning 
point in mathematics. 


variable expression. 


A variable expression is shown at 
the right. The expression can be re- 
written by writing subtraction as 
the addition of the opposite. 


Bx Sy Play Sa 7 


3x? + (—5y) + 2xy + (—x) + (-7) 


Note that the expression has 5 5 terms 
[SSN 


addends. The terms of a variable 302k alse Sto = oy 27 


expression are the addends of the ee 
expression. The expression has 5 variable terms Ce 

erm 
terms. 


The terms 3x’, —5y, 2xy, and —x are variable terms. 


The term —7 is a constant term, or simply a constant. 


numerical coefficient 


BRA i Roy en ee) — en oe 


variable part 


Each variable term is composed of a 
numerical coefficient and a vari- 
able part (the variable or variables 
and their exponents). 


When the numerical coefficient is 1 
or —1, the 1 is usually not written 
(= wand. 2x i— — 1x), 


Replacing each variable by its value and then simplifying the resulting numeri- 


cal expression is called evaluating the variable expression. 


CALCULATOR NOTE = Evaluate ab — b? whena = 2 andb = -3. 







J See the appendix ab — b? 


eee eles Ue 2(-3) — (-3) e Replace each variable in the expression by its value. 
Graphing Calculators” for ee 
instructions on using a =) (S3)i=9 e Use the Order of Operations Agreement to simplify the 
graphing calculator to evaluate resulting numerical expression. 

variable expressions. apes 


=-15 
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a2 b2 a2 + 2 
Example 1 Evaluate ar when You Try It1 Evaluate mT when a = 5 


a=3andb= —4. and b = —3. 
pa 


Solution =— Your solution 


a—b 


37-(-4? 9-16 
3-(-4) 3-(-4) 


Example 2 Evaluate x* — 3(x — y) — 2? You TryIt2 Evaluate x? — 2(x + y) + 2? 
when x = 2,y = —1, and when x = 2, y = —4, and 
z= 3. z= —-3. 


Solution <x? — 3(x — y) — 27 Your solution 


2? — 3[2 — (-1)] - 3? 
= 2? — 3(3) — 3? 
= 4 — 3(3)-9 
=4-9-9 
=-5-9 
= ={4 


Solutions on p. S3 





Objective B_ To simplify a variable expression using the Properties 


of Addition............ snips beau. obuapliond niece, Ressseasiey ee A cee (Te) 
Like terms of a variable expression are 
terms with the same variable part. l 


* and x are not 356 A ge Oe 


(Because. x* =x°x x 
like terms.) 


Constant terms are like terms. 4 and 9 
are like terms. 


To simplify a variable expression, use the Distributive Property to combine 


like terms by adding the numerical coefficients. The variable part remains 
unchanged. 


Distributive Property 


lf a, b, and c are real numbers, then a(b + c) = ab+ ac. 





The Distributive Property can also be written as ba + ca =(b+c)a. This 
form is used to simplify a variable expression. 


TAKE NOTE 


Simplifying an expression 
means combining like terms. 
_ Aconstant term (5) and a 
variable term (7p) are not like 
_ terms and therefore cannot 

__ be combined. 
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=> Simplify: 2x + 3x 


Use the Distributive Property to add the numerical coefficients of the like 
variable terms. This is called combining like terms. 


2x + 3x =(2 + 3)x ® Use the Distributive Property. 
= 5x, 


I| 
— 
On 

| 
— 
i 
ee 

SS 


¢ Use the Distributive Property. This step is 
usually done mentally. 


SV TMs 
=> Simplify: 5 + 7p 

The terms 5 and 7p are not like terms. 

The expression 5 + 7p is in simplest form. 


In simplifying variable expressions, the following Properties of Addition are 
used. 


The Associative Property of Addition 


If a, b, and c are real numbers, then(a+ b)+c=a+(b+c). 





When three or more like terms are added, the terms can be grouped (with 
parentheses, for example) in any order. The sum is the same. For example, 


(3x + 5x) + 9x = 3x + (5x,+ 9x) 
fone am Che = Sie ae jibe 
h7xe= 17x 


The Commutative Property of Addition 


If aand bare real numbers, thena+ b= b+ a. 





When two like terms are added, the terms can be added in either order. The 
sum is the same. For example, 


2x + (—4x) = —4x + 2x 
Es 


The Addition Property of Zero 


If ais areal number, thena+0=0+ a=a. 





The sum of a term and zero is the term. For example, 


bye 4 0) = (4 See = Sye 
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The Inverse Property of Addition 





If ais a real number, then a + (—a) = (—a) + a=0. 


The sum of a term and its opposite is zero. The opposite of a number is called 
its additive inverse. 


7x + (-—7x) = —7x + 7x = 0 


wp Simplify: 8x + 4y — 8x + y 


Use the Commutative and Associative Properties of Addition to rearrange 
and group like terms. Then combine like terms. 


z 
8x + 4y — 8x +y =| (8x — 8x) + (y+ y) | e This step is usually done mentally. 


mp Simplify: 4x2 + 5x — 6x2 — 2x + 1 


Use the Commutative and Associative Properties of Addition to rearrange 
and group like terms. Then combine like terms. 


4x2 + 5x — 6x2 —- 2x +1 


(xt Sox srea 2x )er I 
Se eel 


Example 3 Simplify: 3x + 4y — 10x + 7y You Try It3 Simplify: 3a — 2b — 5a + 6b 
Solution 3x + 4y — 10x + 7y = —7x + lly Your solution 


Example 4 Simplify: x? — 7 + 4x? — 16 You Try It4 Simplify: —3y? + 7 + 8y? — 14 


Solution x? — 7 + 4x2 — 16 = 5x? — 23 Your solution 





Solutions on p. S3 ' 


Objective C_ To simplify a variable expression using the Properties 


of Maltipli¢ation.....22224. 209 20gl gas Od A sec sc csc (@) 
In simplifying variable expressions, the following Properties of Multiplication 
are used. 


The Associative Property of Multiplication 


If a, b, and c are real numbers, then (a- b)- c= a-(b-c). 





When three or more factors are multiplied, the factors can be grouped in any 
order. The product is the same. For example, 


2(3%) ="2 3) x = 6x 
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The Commutative Property of Multiplication 


If aand bare real numbers, then a: b= b- a. 





Two factors can be multiplied in either order. The product is the same. For 
example, 


(24))5 3 = 3 > Qx) = 6x 


The Multiplication Property of One 





If ais areal number, thena-1=1-a=a. 






The product of a term and one is the term. For example, 


(8x)(1) = (1)(8x) = 8x 


The Inverse Property of Multiplication 


lf ais a real number, and ais not equal to zero, then 


a ie 





: is called the reciprocal of a. : is also called the multiplicative inverse of a. 


The product of a number and its reciprocal is one. For example, 


ial | 
7-===-7=1 
Tey 


The multiplication properties just discussed are used to simplify variable 
expressions. 


=> Simplify: 2(—x) 


=e 21 2) ® Use the Associative Property of 
= [2(-1)]x Multiplication to group factors. 
= =e 


=> Simplify: 3(2) 


Use the Associative Property of Multiplication to group factors. 
T 


312K ! Sie ! 2x 2 
(=| = (32) | Note that =gX 
Beli 22. Vue } 
=! > : 3 x ® The steps in the dashed box are usually done mentally. 
= ! Lex ! 
2 = 
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=> Simplify: (16x)2 


Use the Commutative and Associative Properties of Multiplication to re- 
arrange and group factors. 


® The steps in the dashed box are usually done mentally. 


=ita( Qin Ox 


Example5 Simplify: —2(3x7) You Try It5 Simplify: —5(4y) 


Solution —2(3x?) = —6x? Your solution 


Example 6 Simplify: —5(—10x) You Try It6 Simplify: —7(—2a) 


Solution —5(—10x) = 50x Your solution 


Example 7 Simplify: (6x)(—4) You Try It7 Simplify: (—5x)(—2) 
Solution (6x)(—4) = —24x Your solution 





Solutions on p. S3 


Objective D_ To simplify a variable expression using the 


DISTrIDUEIVG PRODGIUY aisiscscicconsanciccxtccudevescantecvantiareats saeesenenee cent nemeee €G@) 


Recall that the Distributive Property states that if a, b, and c are real numbers, 
then 


a(b + c) = ab + ac 


The Distributive Property is used to remove parentheses from a variable 
expression. 


=» Simplify: 3(2x + 7) 
Stee See z 
® Use the Distributive Property. 
Do this step mentally. 


| 
| 
23a S42 333482 =I 


I 


—5(4x + 6) | —5(4x) + (—5)- 61 ® Use the Distributive Property. 


ae Do this step mentally. 


T 
| 
5 
3S 
| 
Wo 
© 
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> Simplify: —(2x — 4) 


= (20: 
1 —1(2x) — (=1)(4) 


I 

| 
— 
nN 
N 

3 

| 
4 
— 


© Use the Distributive Property. 
Do these steps mentally. 


Il 

| 
ND 
Se 
= 
& 


Note: When a negative sign immediately precedes the parentheses, the sign of 
each term inside the parentheses is changed. 


\ 


1 1 
~ 5 (8x — 12y) =; —=(8x) - (-] (AE * Use the Distributive Property. 


! Do this step mentally. 


I 
| 
= 
Se 
On 
<i 


=> Simplify: 4@ — y) — 2(—3x + 6y) 


4(x — y) — 2(—3x + 6y) = 4x — 4y + 6x — 12y * Use the Distributive 
Property twice. 


10% = 16y © Combine like terms. 


An extension of the Distributive Property is used when an expression inside 
parentheses contains more than two terms. 


=> Simplify: 3(4« — 2y — z) 


Se ee eee ee 4 
| 
| 


lI 
Temata] 
Ww 
S 
a 
WH 
| 
Ww 
y 
< 
Sa 
| 
Oo 
aN 
N 
No 


© Use the Distributive Property. 


Sa es Sa eee Se = eh . 
12x — 6y — 3z Do this step mentally. 


SAL 1 2y— Zz) 


Example 8 Simplify: —3(—5a + 7b) You Try It8 Simplify: —8(—2a + 7b) 
Solution —3(—5a + 7b) = 15a — 21b Your solution 


Example 9 Simplify: (2x — 6)2 You Try It9 Simplify: (3a — 1)5 


Solution (2x — 6)2 = 4x — 12 Your solution 


Solutions on p. S3 
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Example 10 Simplify: 3(x* — x — 5) You Try It10 Simplify: 2(x? — x + 7) 


Solution 3(x2 — x — 5) = 3x7 — 3x — 15 Your solution 


Example 11. Simplify: 2x — 3(2x — 7y) You Try It 11 Simplify: 3y — AG Jie) 


Solution 2x — 3(2x — 7y) = 2x — 6x + 2ly Your solution 
= —-4x4 + 21y 


Example 12 Simplify: You Try It 12 Simplify: 
a= 2y) —(—m= 2y) -2@j=2)) = (Grey) 
Solution 7(x — 2y) — (—x — 2y) Your solution 
=x — lay +x 4 Zy 
= 8x — 12y 


Example 13 Simplify: You Try It 13 Simplify: 
2x — 3[2x — 3a + 7)] Syiee cle 4(2 aay) 
Solution 2x — 3[2x — 3(x + 7)] Your solution 
=e 32% — 34% — 21'| 
ee 2 
= 2% 13x + 63 
= 5% | 05 





Objective E_ To translate a verbal expression into a variable expression........ 


One of the major skills required in applied mathematics is the ability to trans- 
late a verbal expression into a variable expression. This requires recognizing the 
verbal phrases that translate into mathematical operations. A partial list of the 
verbal phrases used to indicate the different mathematical operations follows. 


Addition added to 6 added to y y 56 
more than 8 more than x % es 
the sum of the sum of x and z x+z 
increased by t increased by 9 Tatas 


the total of the total of 5 and y 5+y 
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POINT OF INTEREST ~ — Subtraction minus x minus 2 x—2 
The way in which expressions less than 7 less than ¢ aoa 
are symbolized has changed decreased by m decreased by 3 Hi 
ore time. Here i now anus of the difference the difference 
e expressions shown at the 
right may have appeared in the between between y zune! aoe 
early 16th century. 
R p. 8 for x + 8. The symbol 
R was used for a variable to Multiplication times 10 times t 10¢ 
the first power. The symbol 1 
p. was used for plus. of one-half of x =x 
Rm.2 for x — 2. The 2 
prt R 5 still ee for the the product of the product of y and z YZ 
variable. The symbol m. was a]: “1: 
“ee multiplied by y multiplied by 11 lly 
The square of a variable twice twice d 2d 
was designated by Q and the 
cube was designated by C. 
The expression x? + x2 was x 
written C p. Q. Division divided by x divided by 12 D 
; 5 y 
the quotient of the quotient of y and z = 
He 
: ‘ t 
the ratio of the ratio of t to 9 9 
Power the square of the square of x ae 
the cube of the cube of a a 


= Translate “14 less than the cube of x” into a variable expression. 
14 less than the cube of x e Identify the words that indicate 
the mathematical operations. 
® Use the identified operations to 
write the variable expression. 


x? — 14 


In most applications that involve translating phrases into variable expres- 
sions, the variable to be used is not given. To translate these phrases, a vari- 
able must be assigned to an unknown quantity before the variable expression 
can be written. 


=> Translate “the sum of two consecutive integers” into a variable expression. 
Then simplify. 


@ Assign a variable to one of 
the unknown quantities. 

s Use the assigned variable to 
write an expression for any 
other unknown quantity. 


the first integer: 1 


the next consecutive integer: 7 + | 


n+(n +1) e Use the assigned variable to 

write the variable expression. 
(n+n)+1 ® Simplify the variable expression. 
Diao 
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Many of the applications of mathematics require that you identify an unknown 
quantity, assign a variable to that quantity, and then attempt to express another 
unknown quantity in terms of the variable. 





up => A confectioner makes a mixture of candy that contains 3 lb more of milk 
chocolate than of caramel. Express the amount of milk chocolate in the 





Amount of caramel 
in the mixture: c 





Amount of milk chocolate 


in the mixture: c + 3 


Example 14 

Translate “four times the sum of half of a 
number and fourteen” into a variable 
expression. Then simplify. 


Solution 
the unknown number: n 


half of the number: sn 


the sum of half of the number and 


1 
fourteen: iL +14 


1 
4|=n + 14 
(ans) 
2n + 56 
Example 15 


The length of a swimming pool is 4 ft 
less than two times the width. Express the 


length of the pool in terms of the width. 


Solution 

the width of the pool: w 

the length is 4 ft less than two times the 
width: 2w — 4 


Example 16 

A banker divided $5000 between two 
accounts, one paying 10% annual interest 
and the second paying 8% annual interest. 
Express the amount invested in the 10% 
account in terms of the amount invested 
in the 8% account. 


Solution 
the amount invested at 8%: x 
the amount invested at 10%: 5000 — x 


mixture in terms of the amount of caramel in the mixture. 


© Assign a variable to the amount 
of caramel in the mixture. 


* Express the amount of milk chocolate 
in the mixture in terms of c. 


You Try It 14 

Translate “five times the difference between a 
number and sixty” into a variable expression. 
Then simplify. 


Your solution 


You Try It 15 

The speed of a new printer is twice the speed 
of an older model. Express the speed of the 
new model in terms of the speed of the older 
model. 


Your solution 


You Try It 16 

A guitar string 6 ft long was cut into two 
pieces. Express the length of the shorter 
piece in terms of the length of the longer 
piece. 


Your solution 


Solutions on p. S4 
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1.4 Exercises 


e 
i me eam ener <ok= eM sire Niele): fee el leslie! le) (e's! 16 9-6 vs, sos) 3) 6 6 8 0 8 ee ee ee ee eee ke 


























Objective A 
Evaluate the variable expression when a = 2, b = 3,andc = —4. 
1. 6b + (-a) 2. bce + (2a) 3. b* — 4ac 
4. a-b? ie 5. b*-—c? 6. (a+b) 
7. a?+b? 8. 2a-(c+a) 9. (b-a)*+4c 
10. b?- = 11. ae = 30h 12) (b ay he 
Evaluate the variable expression when a = —2,b = 4,c = —1, andd =3. 
13. b+ce 14. d-—b 15. 2d +b 
d Cc —a 
b+ 2d b-d 2c —d 
£6. = Le tee 
19. (b+ dy —4a 20. (d—a)? - 3c 21. (deayis5 
aa b — 2a a b*-a 
220 3\D— a) — be Shey " ad + 3c 
1 g Dae —4bc 
25: 3 = a 26. 8 ¢ € ou 2a —b 
syne! Sa Sari ey ee 
28. ——b+-—=(ac + bd) 29. d ( ac) 2 (Oe. a) > (ike) 
4 2 3 5 
a1 cy 4 (a +d)? 32. 4ac + (2a) 33. 3de — (4c) 
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Objective B 
Simplify. 
34. 6x + 8x 55. 12x 2 13% 36. 9a — 4a 34. 120 On 
38. 4y + (-10y) 39. 8y + (-6y) 40. —3b-7 Als. ~i2y 3 
AZ l2aet lia AS. 30 2d 44. 5ab — 7ab 45. 9ab — 3ab 
AG, PA2xy- Lixy Al. —15xy -F 3xy 48. —3ab + 3ab 49. —T7ab + Tab 
50. -53 os 3 Si: -=y + ay 52. ax = ax 53. =y" = <y 
Pasar Oke | eer nox 5D. Ok On 1x 563) 5a. — 30.4 oe 37. 10a@—Aia 8a 
BSe 5x 1202 sx" 59. yy" 8 yy 60. 730 (G 8x) i3y 
G1sy FC 10x) &x 62. ie = 3V 10x 63. 8y + 8x — 8y 
64. 3a +(—7b) -—5a+b 65... 5b 4 fa 0 le 66. 3x + (—8y) — 10x + 4x 


672 3y" (—12x) — Ty + 2y 68. x? — 7x + (—5x*) + 5x 69. 3x2 + 5x — 10x? — 10x 





Objective C 
Simplify. 
70. 4(3x) “hr 12(5x) 
1D.» =>(—6y) 76. (4x)2 
80. (—3b)(—4) 81. (—12b)(—9) 
85 Les noe 5 
ie 3 (5a) 
90 eT ) oie =r 
: 7 n 5 ( ) 
95, (— 107) aR 96 0 ) 
100. aa up 101. ~? (2442) 
3 8 
105. (33y) es 106. (—6 (5 
e ry 11 ° Xx 3 
Objective D 
Simplify. 
110. —@ + 2) it =e +7) 
114. =2(@:+:7) 115. —5(a + 16) 


82. 


87. 


923 


97. 


102. 


107. 
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3a) 73. 
2 (6x)12 78. 
=5(G4-) 83. 
as (8x) 88 
3 x 3 
(35 93. 
u (14 98 
7 x) 2 
ys (a6 103 
5 y) . 
== f1@ (=) 108 
( x 5 3 
112. 2(4% = 3) 
116. —3(2y — 8) 


=2(5a) 


(3a)(—2) 


=8(727) 

-; (—2x) 
azn h) 
“s (10x) 


3 
-5 (-8y) 


of 


113. 


117. 


74. 


84. 


99. 


104. 


109. 


= AG oy) 


(7a)(—4) 


5 3x?) 

== (4a) 
(eG o»(-2] 
-< (16x) 

a1ey)(5] 


(2 (3) 


5(2— 7) 


ao (3Vi—= 7) 
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118. (5 — 3b)7 119. (40— 7b)2 120. 5 (6 = 15y) 121. 5 (-80 + 4y) 
122. 3647-725) 1235, 66% 22) 124. =2G yy 9) 125. —5(—2x +7) 
1265.0) Dee aa) 128. 2(—3x? — 14) 129. 5C6" 33) 
130. —3(2y? — 7) 131. —sGy-— 12) 132.25 7) 133. 5(@* +) 
134. —= (6x — oy) 135. -50 — 4y) 136. —(6a? — 7b”) 
1375) 300 = 2y — 0) 1382 4(0"— 3x5) 139. —2(y? — 2y + 4) 
140. 5 (2x — 6y + 8) 141. -= (6s a el) 142. 4(-—3a? —5a+ 7) 
[IG EG ae See Se 90) 144. —3(—4x* + 3x — 4) 145. 32x24 xy — 3") 
146. 5(2x* — 4xy — on 147. —(Ga* + 5a — 4) 148. —(8b? — 6b + 9) 
149. 4x — 2(3x + 8) 150. Ga — (642-7) 151. 9 — 3(4y + 6) 


NS 2 et lily — 3) 153. 52:=.7 = 2) 154. 8—(12 + 4y) 
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155. 3(x + ayes 7) 156. 2(x — 4) — 4(x + 2) 157. 12(y — 2) + 3(7 — 3y) 

158. 6(2y — 7) — (3 — 2y) 159. .3(a — b) — (a +b) 160. 2(a + 2b) — (a — 3b) 

161. 4[x-2%x-3)]) | 162. 2[x + 2(x + 7)] 163. —2[3x + 2(4-~x)] 

164. —5[2x + 3(5 — x)] 165. —3[2x —(«+7)] 166. —2[3x — (5x — 2)] 

167. 2x — 3[x — (4—x)] 168. —7x + 3[x — (3 — 2x)] 169. —5x — 2[2x — 4(x + 7)] - 6 
Objective E 


Translate into a variable expression. Then simplify. 


170. 


M72. 


174. 


176. 


178. 


twelve minus a number 


two-thirds of a number 


the quotient of twice a number and nine 


eight less than the product of eleven 
and a number 


nine less than the total of a number 
and two 


171. 


173. 


175. 


177. 


179. 


a number divided by eighteen 


twenty more than a number 


ten times the difference between a number 


and fifty 


the sum of five-eighths of a number and 
six 


the difference between a number and three 
more than the number 
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180. 


182. 


184. 


186. 


188. 


190. 


192: 


194. 


196. 


198. 


200. 


the quotient of seven and the total of 
five and a number 


five increased by one-half of the sum of a 
number and three 


a number added to the difference between 
twice the number and four 


the product of five less than a number and 
seven 


the quotient of five more than twice a 
number and the number 


a number decreased by the difference be- 
tween three times the number and eight 


a number added to the product of three 
and the number 


five more than the sum of a number and 
Six 


a number minus the sum of the number 
and ten 


the sum of one-sixth of a number and 
four-ninths of the number 


the sum of a number divided by three and 
the number 


181. 


183. 


185. 


187. 


189. 


191. 


193. 


195. 


197. 


199. 


201. 


four times the sum of a number and nine- 
teen 


the quotient of fifteen and the sum of a 
number and twelve 


the product of two-thirds and the sum of 
a number and seven 


the difference between forty and the quo- 
tient of a number and twenty 


the sum of the square of a number and 
twice the number 


the sum of eight more than a number and 
one-third of the number 


a number increased by the total of the 
number and nine 


a number decreased by the difference be- 
tween eight and the number 


the difference between one-third of a 
number and five-eighths of the number 


two more than the total of a number and 
five 


twice the sum of six times a number and 
seven 





202. 


¢ 


203. 


¢ 


204. 


205. 


206. 


207. 





208. 


¢ 


209. 


210. 


¢€ 
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In a recént year, the average sale price of a home in Vail, Colorado, 
was $143,600 more than the average sale price of a home in Carmel, 
California. Express the average sale price of a home in Vail in terms of 
the average sale price of a home in Carmel. 


According to USA Today, in Norway, annual spending per person for 
books is $40 more than it is in the United States. Express the annual 
spending per person for books in Norway in terms of the annual 
spending per person for books in the United States. 


A rope 12 ft long was cut into two pieces of different lengths. Use one 
variable to express the lengths of the two pieces. 


Twenty gallons of crude oil were poured into two containers of differ- 
ent sizes. Use one variable to express the amount of oil poured into 
each container. 


Two cars start at the same place and travel at different rates in oppo- 
site directions. Two hours later the cars are 200 mi apart. Express the 
distance traveled by the faster car in terms of distance traveled by the 
slower car. 


According to the Wall Street Journal, in a recent year, the retail sales in 
Boston were one-half the retail sales in Los Angeles. Express the retail 
sales in Boston in terms of the retail sales in Los Angeles. 


According to the IRS, it should take about one-fourth the time to pre- 
pare Schedule A than it takes to prepare Form 1040. Express the time 
it should take to prepare Schedule A in terms of the time it should 
take to prepare Form 1040. 


The diameter of a basketball is approximately 4 times the diameter of 
a baseball. Express the diameter of a basketball in terms of the diame- 
ter of a baseball. 


The world population in the year 2050 is expected to be twice the 
world population in 1990. Express the world population in 2050 in 
terms of the world population in 1990. 
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APPLYING THE CONCEPTS 


211. 


ZiZ. 


213: 


214. 


ZA5. 


216. 


ZAG. 


218. 


219. 


Does every number have an additive inverse? If not, which real num- 
bers do not have an additive inverse? 


Does every number have a multiplicative inverse? If not, which real 
numbers do not have a multipicative inverse? 


The chemical formula for glucose (sugar) is C,H,,0,. This formula 
means that there are twelve hydrogen atoms, six carbon atoms, and 
six oxygen atoms in each molecule of glucose. If x represents the 
number of atoms of oxygen in a pound of sugar, express the number 
of hydrogen atoms in the pound of sugar. 


Determine whether the statement is true or false. If the statement is 
false, give an example that illustrates that it is false. 

a. Division is a commutative operation. 

b. Division is an associative operation. 

c. Subtraction is an associative operation. 

d. Subtraction is a commutative operation. 

e. Addition is a commutative operation. 


A wire whose length is given as x inches is bent into a square. Express 
the length of a side of the square in terms of x. 


nl 
x 


For each of the following, determine the first natural number x, 
greater than 2, for which the second expression is larger than the first. 


a. x?, 3% b. x*,. 4% c. x>, 5% GRxo..6* 


On the basis of your answers, make a conjecture that appears to be 
true about the expressions x” and n*, where n = 3, 4,5, 6,7,...and 
x is a natural number greater than 2. 


A block-and-tackle system is designed so that pulling five feet on one 
end of a rope will move a weight on the other end a distance of three 
feet. If x represents the distance the rope is pulled, express the dis- 
tance the weight moves in terms of x. 


Give examples of two operations that occur in everyday experience that 
are not commutative (for example, putting on socks and then shoes). 


Choose any number a. Evaluate the expressions 6a? + 2a — 10 and 
2a(3a — 4) + 10(a — 1). Now choose a different number and evaluate 
the expressions again. Repeat this two more times with different num- 
bers. What conclusions might you draw from your evaluations? 





ESR ae es 


a 


Objective A 





Example 1 
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Sets 





To write a set using the roster MethOd ........0..::0cccssssscsesscssssessescsssssessseseees 
A set is a collection of objects, which are called the elements of the set. The 
roster method of writing a set encloses a list of the elements in braces. 
The set of the last three letters of the alphabet is written {x, y, z}. 
The set of the positive integers less than 5 is written (1, 2, 3, 4}. 
=» Use the roster method to write the set of integers between 0 and 10. 

A =({1, 2, 3,4, 5, 6,7, 8, 9} 


A set can be designated by a capital letter. 
Note that 0 and 10 are not elements of set A. 


™> Use the roster method to write the set of natural numbers. 


A= {1, 2n38h4ine a} ® The three dots mean that the pattern of numbers continues 
without end. 


The empty set, or null set, is the set that contains no elements. The symbol & 
or { } is used to represent the empty set. 


The set of people who have run a two-minute mile is the empty set. 


The union of two sets, written A U B, is the set that contains the elements of A 
and the elements of B. 


=> Find A UB, given A = (1, 2, 3, 4} and B = {3, 4, 5, 6}. 


ANG) Beat 243; 4.5, 6} ® The union of A and B contains all the elements of A 
and all the elements of B. Any elements that are in 
both A and Bare listed only once. 


The intersection of two sets, written A M B, is the set that contains the elements 
that are common to both A and B. 


=> Find AO B, given A = (1, 2, 3, 4} and B = {3, 4, 5, 6}. 


AN B= {3,4} * The intersection of A and B contains the elements common to A and B. 


You Try It 1 


Use the roster method to write the set of the Use the roster method to write the set of the 
odd positive integers less than 12. odd negative integers greater than —10. 


Solution 
eae ay 5h 1, 9,1. 1) 





Your solution 


Solution on p. S4 
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Example 2 
Use the roster method to write the set of the 
even positive integers. 


Solution 
Aa (2A Gy 


Example 3 
Find D U E, given D = {6, 8, 10, 12} and 
E = {-8, —6, 10, 12}. 


Solution 
D E8676, 8, 10 12} 


Example 4 
Find A NB, given A = (5, 6, 9, 11} and 
B= (Sn9r13, 05: 


Solution 
Wegupa= {5,9} 


Example 5 
Find A 1 B given A = (1, 2, 3, 4} and 
Besos On ti: 


Solution 
AK 3} SG 


You Try It 2 
Use the roster method to write the set of the 
odd positive integers. 


Your solution 


You Try It 3 
Find A U B, given A = {—2, —1, 0, 1, 2} and 
B= (Oe 2e 34): 


Your solution 


You Try It 4 
Find CN D, given C = {10, 12, 14, 16} and 
D'={10; 16) 20; 26}. 


Your solution 


You Try It 5 
Find A M B, given A = {—5, —4, —3, —2} and 
Be=(2,.3, 45) 


Your solution 





Solutions on p. S4 





Objective B To write a set using set-builder MOtatiOn............scccccccccccscccssessesneensnsesenesees 


Another method of representing sets is called set-builder notation. Using set- 
builder notation, the set of all positive integers less than 10 is as follows: 


POINT OF INTEREST 


The symbol € was first used 
in the book Arithmeticae 
Principia, published in 1889. 
It was the first letter of the 
Greek word eott, which 
means “is.” The symbols for 
union and intersection were 
also introduced at that time. 


{x|x < 10, x € positive integers}, which is read “the set of all x such that x is less 
than 10 and x is an element of the positive integers.” 


i Use set-builder notation to write the set of real numbers greater than 4. 


{x|x > 4, x € real numbers} * “x € real numbers” is read “xis 


an element of the real numbers.” 


Example 6 


Use set-builder notation to write the set of 
negative integers greater than —100. 


Solution 
{x|x > —100, x € negative integers] 


Example 7 


You Try It 6 


Your solution 


You Try It 7 
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Use set-builder notation to write the set of 
positive even integers less than 59. 


Use set-builder notation to write the set of Use set-builder notation to write the set of 


real numbers less than 60. 


Solution 


Your solution 


{x|x < 60, x € real numbers} 


Objective C 


POINT OF INTEREST 


The symbols for “is less than” 
and “is greater than” were 

_ introduced by Thomas Harriot 

_ around 1630. Before that, —- 
and 3 were used for > and <, 
respectively. 


To graph an inequality on the number line 


An expression that contains the symbol >, 
<, =, or = is called an inequality. An in- 
equality expresses the relative order of two 
mathematical expressions. The expressions 
can be either numerical or variable. 


real numbers greater than —3. 





Solutions on p. S4 


4>2 
iS Xen Inequalities 


x*-2x>y+4 


An inequality can be graphed on the number line. 


= Graph: x > 1 


The graph is the real numbers greater 
than 1. The parenthesis at 1 indicates 
that 1 is not included in the graph. 


«> Graph: x = 1 
The bracket at 1 indicates that 1 is in- 
cluded in the graph. 

=> Graph: —1 > x 


=] > is equivalent to x < +1. The 
numbers less than —1 are to the left of 
—1 on the number line. 


SS St SS Oi Beh SG 


Soe ON eames me eS 


+ 32 — le Oh 23 485 


The union of two sets is the set that contains all the elements of each set. 


«> Graph: {x|x > 4} U {x|x < 1} 


The graph is the numbers greater than 
4 and the numbers less than 1. 


SS lO i sh Os 
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The intersection of two sets is the set that contains the elements common to 
both sets. 


=> Graph: {x|x > —1} 9 {x|x < 2) 


The graphs of {x|x > —1} and {x|x < 2} 


. =8) 24-3122 el OY glee ee 
are shown at the right. oe 
5 S425 201 One cane Anes 
The graph of (|x 2-1) Ox 2} 4s 
CE (| oe $2423 2 21.0 Mie nee 5 


the numbers between —1 and 2. 


Example 8 
Graph: x <5 


Solution 
The graph is the numbers less than 5. 


-5-4-3-2-1 012 3 45 


Example 9 
Graph: {x|x > 3} U {x|x < 1) 


Solution 
The graph is the numbers greater than 3 and 
the numbers less than 1. 


—-5-4-3-2-1 0123 45 


Example 10 
Graph: {x|x > —2} 0 {x|x < 1} 


Solution 
The graph is the numbers between —2 and 1. 


—-5-4-3-2-1 012 3 4 5 


Example 11 
Graph: {x|x = 5} U {x|x = —3] 


Solution 
The graph is the real numbers. 


= Seas) =P al 0) ph ae 


You Try It 8 
Graph: —2 <4 


Your solution 


-5-4-3-2-1 012 3 45 


You Try It 9 
Graph: {x|x = — 1) U (xix = 13) 


Your solution 


-5-4-3-2-1 012 3 4 5 


You Try It 10 
Graph: {x|x = 4} N {x|x = —4)} 


Your solution 


-5-4-3-2-1 0123 45 


You Try It 11 
Graph: (xl0— 2) lx = 2) 


Your solution 





Solutions on p. S4 : 


wae " 


1.5 Exercises 
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SP he FOL 620) (6 kek a anle ke 
rn eames Ons Caen SHCOMEORS nee 6 6. (s) 6 6 6: eWeiMeresh os 6 ale 6! 3 @ 0 © 6.0 @:8 @ we ce ueuts 





Objective A 
Use the roster method to write the set.’ 


1. the integers between 15 and 22 
3. the odd integers between 8 and 18 


5. the letters of the alphabet between a and d 


Find A U B. 
7. A= (3,4,5) B= (4,5, 6} 
9. A={-10, -9, -8} B = (8, 9, 10} 
11. A= {a,b,d,e} B = {c, d,e, f} 


13, A= (1, 3,7, 9] B— (729, 1,13} 


Find ANB. 
15. A=(3, 4,5} B=({4,5, 6} 
17. A={-4, -3, -2]} B = {2, 3, 4} 


19. A={a,b,c¢,d,e} B = {c,d,e, f, g} 





Objective B 
Use set-builder notation to write the set. 


21. the negative integers greater than —5 
23. the integers greater than 30 
25. the even integers greater than 5 


27. the real numbers greater than 8 


10. 


12: 


14. 


16. 


18. 


20. 


Z2. 


24. 


26. 


28. 


the integers between —10 and —4 


the even integers between —11 and —1 


the letters of the alphabet between p and v 


A= 3, —2;,—1]} B={—2,—1,,0} 
A = {a, b, c} B= {x, y, z} 

A = {m, n, p. q} Bn; io} 
A={-3, —2, -1} "(ah ole 


A = {-4, -3, -2} B={-6, —5, —4} 
Ae 234) B = (1, 2, 3, 4} 


A = {m, n, 0, p} B = {k, 1, m, n} 


the positive integers less than 5 
the integers less than —70 
the odd integers less than —2 


the real numbers less than 57 
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Objective C 
Graph. 
295-2 30. “==! 
tt 
Nef 1 Oe ae a4 322 Ome Sas 
Sie eOuers 32. 4>x 
<—_t—_+—_++_+_ +++ +++ +> 
had 23 201 1 2 bOEaMS 35 4°23 2221) Oxia eno nS 
33. falc > —2) UV (xin = —4} 34. {xlx > 4) U [axle = —2} 
Bee 39 -) 0 1. 2 34) 5 L524 23 S3ot a eee eens 
f 635. Cela 2) A xns.4) 36. {xix > 3) Miia 3} 
tt tt tt ot 
| ee eer Tee eS Sage aD aT Op ate ase 
37. {x|x = —2) U (x|x < 4} 38. {x|x > 0} U {x|x < 4} 
SS SSS SSS SS SS SSS SSeS Sa 
Bed 3S 02.1 a 2. 3:54, 5 22423 222i, One uron ees 
APPLYING THE CONCEPTS 


39. Explain how to find the union of two sets. 
40. Explain how to find the intersection of two sets. 
41 


Determine whether the statement is always true, sometimes true, or 
never true. 

a. Given that a > 0 and b < 0, then ab > 0. 

b. Given that a < 0, then a? > 0. 

c. Given that a > 0 and b < 0, thena? > b. 


42. By trying various sets, make a conjecture as to whether the union of 
two sets is 
a. a commutative operation 
b. an associative operation 


43. By trying various sets, make a conjecture as to whether the intersection 
of two sets is 
a. a commutative operation 
b. an associative operation 
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- | Focus on Problem Solving 


Inductive Reasoning Suppose you take 9 credit hours each semester. The total number of credit hours 
you have taken at the end of each semester can be described in a list of numbers. 


9, 18, 27, 36, 45, 54, 63,... 


The list of numbers that indicates the total credit hours is an ordered list of 
numbers, called a sequence. Each number in a sequence is called a term of the 
sequence. The list is ordered because the position of a number in the list indi- 
cates the semester in which that number of credit hours has been taken. For ex- 
ample, the 7th term of the sequence is 63, and a total of 63 credit hours have 
been taken after the 7th semester. 


Assuming the pattern is continued, find the next three numbers in the pattern 
— 6) 00a 14. —18,.29. 


This list of numbers is a sequence. The first step in solving this problem is to 
observe the pattern in the list of numbers. In this case, each number in the list is 
4 less than the previous number. The next three numbers are —22, —26, —30. 

This process of discovering the pattern in a list of numbers is inductive reason- 
ing. Inductive reasoning involves making generalizations from specific exam- 


ples; in other words, we reach a conclusion by making observations about 
particular facts or cases. 


Try the following exercises. Each exercise requires inductive reasoning. 


Name the next two terms in the sequence. 
Dele Bae, Look Rei boy ccs Zoi 2ao33, 6, 4, <<. 
Bol ay lO. : 4A, B.C GeH,17M,.:. 


Draw the next shape in the sequence. 


ep | ie 


6. |e |le lee |llee |lleee 

Solve. 

Te Conver. ; i iv a ir and = ao decimals. Then use the pattern you observe to 
convert — a = and 2 11° decimals. 

8. Convert = se 35 a ” and 2 a 10 decimals. Then use the pattern you observe to 
convert => 3 and 3 a 5 to decimals. 


7 3 
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Calculators 


e 


| Projects and Group Activities 


Does your calculator use the Order of Operations Agreement? To find out, try 
this problem: 


2A 


If your answer is 30, then the calculator uses the Order of Operations Agree- 
ment. If your answer is 42, it does not use that agreement. 


Even if your calculator does not use the order of Operations Agreement, you can 
still correctly evaluate numerical expressions. The parentheses keys, and DJ, 
are used for this purpose. 


Remember that 2 + 4-7 means 2 + (4: 7) because the multiplication must be 
completed before the addition. To evaluate this expression, enter the following: 


Enter: 2°" ERG “4 Obl 07  Dal Ts) 
Display: De oD Ge eh gee a 268 0 


When using your calculator to evaluate numerical expressions, insert paren- 
theses around multiplications or divisions. This has the effect of forcing the 
calculator to do the operations in the order you want rather than in the order 
the calculator wants. 


Evaluate. 
15333015 — 23) 36a 2. 4-27—(12 + 24+ 6)-5 
3. 16+4-34+(3:4-5)+2 4. 15-3+9+(2-6-3)+4 


Using your calculator to simplify numerical expressions sometimes requires use 
of the key or, on some calculators, the negative key, which is frequently 
shown as [(—)]. These keys change the sign of the number currently in the display. 
To enter —4: 


° For those calculators with L/], press 4 and then E-]. 
e For those calculators with (©)], press and then 4. 


Here are the keystrokes for evaluating the expression 3(—4) — (—5). 
Calculators with key: 3 4 = 5 [=] 
Calculators with key: 5 Al 5E] 


This example illustrates that calculators make a distinction between negative 
and minus. To perform the operation 3 — (—3), you cannot enter 3 [=] E] 3. This 
would result in 0, which is not the correct answer. You must enter 


bl: Bo sore pss Bel 
Use a calculator to evaluate each of the following exercises. 
Sap hoi= 2 6. 3(-8) Lae o) 
8.°=50 —-.(—14) OA 3)2 105-8 + (6) — 77 
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Moving Averagés_ In many courses, your course grade depends on the average of all your test 


scores. You compute the average by calculating the sum of all your test scores 


Stock _ Div ree Low Close cng | and then dividing that result by the number of tests. Statisticians call this aver- 
— | age an arithmetic mean. Besides its application to finding the average of your 
ES e1, | test scores, the arithmetic mean is used in many other situations. 
: ro ; Stock market analysts calculate the moving average of a stock. This is the arith- 
18 1h metic mean of the changes in the value of a stock for a given number of days. To 
wie 4 Bis Se us we-\ illustrate the procedure, we will calculate the 5-day moving average of a stock. 





In actual practice, a stock market analyst may use 15 days, 30 days, or some 
other number. 


Thetable below shows the amount of increase or decrease, in cents, in the clos- 
ing price of a stock for a 10-day period. 


Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 
+50 =1i5 22 0 =21 5 =15 50 +50 4715 =30; 


To calculate the 5-day moving average of this stock, determine the average of the 
stock for days 1 through 5, days 2 through 6, days 3 through 7, and so on. 





Days 1-5 Days 2-6 Days 3-7 Days 4-8 Days 5-9 Days 6-10 

+50 175 1225 0 = 205 =1D 

=175 +225 0 —215 Sus —50 

+225 0 245 SoS) —50 +50 

0 =275 =15 —50 +50 —475 

2715 =D —50 +50 —475 =50 

Sum = —175 Sum = —300 Sum = —175 Sum = —350 Sum = —825 Sum = —600 
Av = — =-35 Av= a =-60 Av= ee 35 Av= = =-70 Av= = =-165 Av= = = —120 


ee The 5-day moving average is the list of means: —35, —60, —35, —70, —165, and 
— 120. If the numbers in the list tend to increase, the price of the stock is showing 
an upward trend; if they decrease, the price of the stock is showing a downward 
trend. For the stock shown above, the price of the stock is showing a downward 
trend. These trends help an analyst determine whether to recommend a stock. 
(You can also look up stock prices on the internet by using a search engine and 

typing in “stocks.”) 


11. The value of a share of McDonald’s stock on June 12, 1998, was $64.25. The 
table below shows the amount of increase or decrease, to the nearest 10 
cents, from the June 12 closing price of the stock for a 10-day period. Calcu- 
late the 5-day moving average for this stock. 


Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 
+40 =90 +40 130 +240 +20 = 10 =50) +10 +40 


12. The value of a share of Disney stock on June 12, 1998, was $116.1875. The 
table below shows the amount of increase or decrease, to the nearest 10 
cents, from the June 12 closing price of the stock for a 10-day period. Calcu- 
late the 5-day moving average for this stock. 


Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 
LO =290 +70 +140 = 230 —440 +120 +100 +290 =20 


13. Calculate the 5-day moving average for at least three different stocks. Discuss 
and compare the results for the different stocks. For this project, you will 
need to use stock tables, which are printed in the business section of major 
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www.fedstats.gov 


Last 


Key Words 


TAKE NOTE 


“To the Student” on page xxi 
provides suggestions on how 
best to make use of the 
“Chapter Summary,” the 
“Chapter Review,” and 

the “Chapter Test.” 


newspapers. Your college library should have copies of these publications. In 
a stock table, the column headed “Chg” provides the change in the price of a 
share of the stock; that is, it gives the difference between the closing price for 
the day shown and the closing price for the previous day. The symbol + indi- 
cates that the change was an increase in price; the symbol — indicates that the 
change was a decrease in price. 


Information regarding the history of the federal budget can be found on the 
World Wide Web. Go to the web site www.fedstats.gov. Click on “Fast Facts” and 
then on “Frequently Requested Tables.” In the list of tables printed to the screen, 
find the table entitled “Federal Budget—Summary.” Click on it. When the fed- 
eral budget table appears on the screen, look for the column that lists each year’s 
surplus or deficit. You will see that a negative sign (—) is used to show a deficit. 
Note that it states near the top of the screen that the figures in the table are in 
smillions of dollars. 


14. During which years shown in the table was there a surplus? 
15. During which year was the deficit the greatest? 


16. Find the difference between the surplus or deficit this year and the surplus 
or deficit five years ago. 


17. What is the difference between the surplus or deficit this year and the sur- 
plus or deficit a decade ago? 


18. Determine what two numbers in the table are being subtracted in each row 
in order to arrive at the number in the surplus or deficit column. 


19. Describe the trend of the federal deficit over the last ten years. 


| Chapter Summary 


A set is a collection of objects. The objects in the set are called the elements of the 
set. The roster method of writing sets encloses a list of the elements in braces. 


The sét of natural numbers is {1, 2, 3, 4, 5, 6, 7, ... .}. The set of integers is 
{eee 4 3 el eee 


The empty set or null set, written © or { }, is the set that contains no elements. 


A number a is less than another number b, written a < b, if a is to the left of b on 
the number line. A number a is greater than another number b, written a > b, if 
a is to the right of b on the number line. The symbol = means is less than or 
equal to. The symbol = means is greater than or equal to. An expression that con- 
tains the symbol >, <, =, or S is an inequality. 


Two numbers that are the same distance from zero on the number line but on 
opposite sides of zero are opposite numbers, or opposites. The additive inverse of 
a number is the opposite of the number. 


Essential Rules 
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The multiplicative inverse of a number is the reciprocal of the number. 


The absolute value of a number is its distance from zero on the number line. 


A rational number is a number that can be written in the form > where a and b 
are integers and b ¥ 0. An irrational number is a number that has a decimal rep- 
resentation that never terminates or repeats. The rational numbers and the irra- 


tional numbers taken together are called the real numbers. 


Percent means “parts of 100.” 


An expression of the form a” is in exponential form, where a is the base and n is 
the exponent. 


A square root of a positive number x is a number whose square is x. The princi- 
pal square root of a number is the positive square root. The symbol V_ is called 
a radical sign and is used to indicate the principal square root of a number. The 
radicand is the number under the radical sign. 


The square of an integer is a perfect square. If a number is not a perfect square, 
its square root can only be approximated. 


A variable is a letter that is used to stand for a quantity that is unknown or that 
varies. A variable expression is an expression that contains one or more variables. 


The terms of a variable expression are the addends of the expression. A variable 
term is composed of a numerical coefficient and a variable part. Like terms of a 
variable expression are terms with the same variable part. 


The union of two sets, written A U B, is the set that contains all the elements of 
A and all the elements of B. (Any elements that are in both set A and set B are 
listed only once.) The intersection of two sets, written A /Q B, is the set that con- 
tains the elements that are common to both A and B. 


To add two numbers with the same sign, add the absolute values of the num- 
bers. Then attach the sign of the addends. 


To add two numbers with different signs, find the absolute value of each 
number. Subtract the smaller of these from the larger. Attach the sign of the ad- 
dend with the larger absolute value. 


To subtract two numbers, add the opposite of the second number to the first 
number. 


To multiply two numbers with the same sign, multiply the absolute values of 
the factors. The product is positive. 


To multiply two numbers with different signs, multiply the absolute values of 
the factors. The product is negative. 


To divide two numbers with the same sign, divide the absolute values of the 
numbers. The quotient is positive. 
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To divide two numbers with different signs, divide the absolute values of the 


numbers. The quotient is negative. 


To convert a percent to a decimal, remove the percent sign and multiply 


by 0.01. 


To convert a percent to a fraction, remove the percent sign and multiply 


= irs 
by 70° 


To convert a decimal or a fraction to a percent, multiply by 100%. 


Product Property of Square Roots 
Addition Property of Zero 

Commutative Property of Addition 
Associative Property of Addition 
Inverse Property of Addition 
Multiplication Property of Zero 
Multiplication Property of One 
Commutative Property of Multiplication 
Associative Property of Multiplication 
Inverse Property of Multiplication 


Division Properties of Zero and One 


Distributive Property 


The Order of Operations Agreement 


Vab = Va-Vb 
a+O=a or O+a=a 


atb=b+t+a 

(aPby+e=at OF) 

a+(sa)=0 or -ata=—0 

eWO=@O or Oca=W 

a= de OL sa 

G*b’="b> a 

(aD) C= GD co) 

eo 
a a 

lh 0.0 =a = 10: 

Lia OFa ai ft. 

a+l=a 

a + Ois undefined. 


a(b + c) = ab + ac 


Step 1 Perform operations inside grouping symbols. The grouping symbols 
include parentheses, brackets, braces, absolute value symbols, and 


the fraction bar. 


Step 2 Simplify exponential expressions. 


Step 3 Do multiplication and division as they occur from left to right. 


Step 4 Do addition and subtraction as they occur from left to right. 


Chapter Review 


11. 


13. 


15. 


17. 


Let x € {—4, 0, 11}. For what values of x 
is the inequality x < 1 a true statement? 


Evaluate —|—5]. 


Subtract: 16 — (—3) — 18 


Divide; —100 = 5 


Write 6.2% as a decimal. 


2 5 1 1 5 
Simplify: Bin aaa 

ek ise 
Divide: Bo oe 


>\4 
Evaluate ( -2) : 


Simplify: —3V 120 


10. 


12. 


14. 


16. 


18. 
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Find the additive inverse of —4. 


Add: —3 + (—12) + 6 + (—4) 


Multiply: (—6)(7) 


erat , 
Write 55 asa decimal. 


rtd 
Write g aS a percent. 


Subtract: 5.17 — 6.238 


Multiply: 4.32(—1.07) 


Simplify: 2V36 


Evaluate —3? + 4[18 + (12 — 20)]. 


68 


Lo: 


Zi. 


23. 


25. 


ade 


29: 


30. 


31. 


SZ. 
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Evaluate (b — a)* +c whena = —2, 
b =3,andc = 4. 


Simplify: —3(—12y) 


Simplify: —4x-— 9)RP S(3xcr 22) 


Use the roster method to write the set of 
odd positive integers less than 8. 


Graph 3 


tt tt tt 
=5 -4-3-2-1 0 12 3 4 5 


20. 


22. 


24. 


26. 


28. 


Simplify: 6a — 4b + 2a 


Simplify: 5(2x — 7) 


Simplify: 5[2 — 3(6x — 1)] 


Find A N B, given A = [1, 5, 9, 13} 
and b= (1,35) for 


Graph {x|x= 3)U0{sla = —2). 


-5-4-3-2-1 012 3 45 


To discourage random guessing on a multiple-choice exam, a professor 
assigns 6 points for a correct answer, —4 points for an incorrect answer, 
and —2 points for leaving a question blank. What is the score for a student 
who had 21 correct answers, had 5 incorrect answers, and left 4 questions 


blank? 


The exchange rates on July 19, 1998 for some currencies are 
shown at the right. If you are in Sweden and purchase a car for 
84,000 krona, what is the value of the purchase in U.S. dollars? 


Translate “the difference between twice a number and one-half of the 


number” into a variable'expression. Then simplify. 


A baseball card collection contains five times as many National League 
players’ cards as American League players’ cards. Express the number of 
National League players’ cards in terms of the number of American 


League players’ cards. 


33. Aclub treasurer has some five-dollar bills and some ten-dollar bills. The 
treasurer has a total of 35 bills. Express the number of five-dollar bills in 


terms of the number of ten-dollar bills. 
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| Chapter Test 


et. 


13. 


15. 


17. 


Place the correct symbol, < or >, between 
the two numbers. 


—2 ~=A40 


Evaluate —|—4|. 


Add: —22 + 14 + (—8) 


Divide: —561 + (—33) 


Write 45% as a fraction and as a decimal. 


Multiply: 6.02(—0.89) 


Evaluate > - (4) 


Evaluate 16 + 2[8 — 3(4 — 2)] + 1. 


Simpiiycse— Sa LX 


Zs 


10. 


12. 


14. 


16. 


18. 


Find the opposite of —4. 


Subtract: 16 — 30 


Subtract: 16 — (—30) — 42 


DU: 3 
Write 9 asa decimal. Place a bar over the 


repeating digit of the decimal. 


2 Tl 
Add: =- =i 5 


AW apd. cD) 
Divide: ie ( 3) 


Simplify: -2V45 


Evaluate b? — 3ab whena = 3 andb = -2. 


Simplify: : (10x) 
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19. 


21, 


23. 


Zs 


Zile 


28. 





30. 
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Simplify: —3(2x? — 7y?) 20.. Simplify: 2% — 3@— 2) 


Simplify: 2x, + 314 — (Gx — 7) 22. Use the roster method to write the set of 
integers between —3 and 4. 


Use set-builder notation to write the set of 24. Find A U B given A = (1, 3,5, 7} and 





real numbers less than —3. B= (2 4,6, 8). 

Graphix = 1. 26: Graph (xle= —3) Uli Or 
SSS SS SS a 
esd 10 li 2 SAS aSi4 3-9-1) ON (a2 eens 


Translate “ten times the difference between a number and 3” into a vari- 
able expression. Then simplify. 


The speed of a pitcher’s fastball is twice the speed of the catcher’s return 
throw. Express the speed of the fastball in terms of the speed of the return 
throw. 


The table below shows the first-quarter profits and losses for 1997 for five 

companies in the paper industry. Profits are shown as positive numbers; 

losses are shown as negative numbers. One-quarter of a year is three 

months. 

a. If earnings were to continue throughout the year at the same level, 
what would be the annual earnings or losses for Bowater, Inc.? 

b. For the quarter shown, what was the average monthly profit or loss for 
Boise Cascade? 












15210000 
aac a0 
_ -37,083,000 
28,056,000 _ 
34,000,000 





Source: The Wall Street Journal, M: , 1997 





At the end of the trading day on July 30, the price of one share of Nike stock 
3 : : 

was $627. The change in the price of a share on July 31 was =. What was 

the price of one share of Nike stock at the end of the trading day on July 31? 


C H A P T E R 











a is the job of construction electricians to install heating, 
lighting, air conditioning, controls, communications, and 

“other types, of electrical equipment. Electricians follow 
specifications such as blueprints to connect equipment to 
power sources and circuit breakers. In their work, they must 
apply various algebraic and scientific formulas. One equation 
in Ohm's Law is /R = V, where /is current, Ris resistance, 

and Vis voltage. For example, if /= 10 amperes and — 

R= 12ohms, then V= 120 volts. 


.n 


FO ee a en eh 





First-Degree Equations 
and Inequalities 





Objectives 


Section 2.1 


To determine whether a given number is a solution of 
an equation 


To solve an equation of the form x + a= b 
To solve an equation of the form ax = b 


To solve application problems using the basic percent 
equation 


Section 2.2 

To solve an equation of the form ax + b=c 

To solve an equation of the form ax + b= cx+d 
To solve an equation containing parentheses 

To translate a sentence into an equation and solve 


Section 2.3 

To solve value mixture problems 
To solve percent mixture problems 
To solve investment problems 

To solve uniform motion problems 


Section 2.4 

To solve an inequality in one variable 
To solve a compound inequality 

To solve application problems 


Section 2.5 

To solve an absolute value equation 
To solve an absolute value inequality 
To solve application problems 
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Introduction to Equations 





Objective A To determine whether a given number 


IS 2 SOlUtION Of AN EQUATION ........0.c.ccccccscssesessssesessssesrssssessesssesssseseees (Tsp) 
POINT OF INTEREST An equation expresses the equality of two 9 47 3-= 12 
Bee cinie mnciionons mathematical expressions. The expres- Ie = 10 Equations 
equations ever stated is sions can be either numerical or variable ya = 2y —1 
E= mc’. This equation, stated expressions. z=2 
by Albert Einstein, shows that 
there is a relationship between : f ‘ 7 : 
biess ie and onary : Asa The equation at the right is true if the vari- x+8=13 
side note, the chemical able is replaced by 5. > #28 = 13 A true equation 


element einsteinium was 


named in henor of Einstein. The equation is false if the variable is re- Coreen 1S A false equation 


placed by 7. 


A solution of an equation is a number that, when substituted for the variable, 
results in a true equation. 5 is a solution of the equation x + 8 = 13. 7 is nota 
solution of the equation x + 8 = 13. 


=> Is —2 a solution of 2x + 5 = x2 — 3? 


TAKE NOTE 2S = ke = 3 

The Order of Operations Dea 2) nce Demi) maa d © Replace x by —2. 

Agreement applies to —-4+5 |4-3 e Evaluate the numerical expressions. 
ye a7 pare {= 1 ° Ifthe results are equal, —2 is a solution of 


the equation. If the results are not equal, 


Yes, —2 is a solution —2 is not a solution of the equation. 


of the equation. 


1 
Example 1 Is —4 a solution of You Trylt1 Is ae solution of 
Di nid = Ot 42? 
Solution ay 2602 
4) 2) ol 4) + 2 
lO ae ae) 
= 20 =a 20 


DP ae S22 


Your solution 


Yes, —4 is a solution. 
Example2 Is —4 a solution of You Try It2 Is 5a solution of 
4+ 5x =x? — 2x? 10x — x? = 3x — 10? 


Solution At 5x =x" — 2x Your solution 
4+ 5(-4) | (-—4)? -— 2(-4) 
4 +(—20) ! 16 —(—8) 
—16 # 24 
(# means “is not equal to”) 


No, —4 is not a solution. 


Solutions on p. S4 
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; —— 
Objective B_ To solve an equation of the form X + @ = D...scccseccseceersteetseees ‘Ts 5) 
POINT OF INTEREST To solve an equation means to find a solution of the equation. The simplest 


equation to solve is an equation of the form variable = constant, because the 


Finding solutions of equations . ; 
z : constant is the solution. 


has been a principal aim of 
mathematics for thousands of 


years. However, the equals The solution of the equation x = 5 is 5 because 5 = 5 is a true equation. 
sign did not occur in any text 
il 1557. : 

~ The solution of the equation at the 
right is 7 because 7 + 2 = 9 is a true x+2=9 7+2=9 
equation. 
Note that if 4 is added to each side of x +2,=9 
the equation x + 2 = 9, the solution is x+24+4=9+4 
still 7. x+6= 13 7+6= 13 
If —5 is added to each side of the x+2=9 
equation x + 2 = 9, the solution is x+2+(—5)=9+(-5) 
still 7. x-3=4 7-3=4 


Equations that have the same solution are equivalent equations. The equations 
x+2=9,x + 6 = 13,andx — 3 = 4 are equivalent equations; each equation 
has 7 as its solution. These examples suggest that adding the same number to 
each side of an equation produces equivalent equations. This is called the 
Addition Property of Equations. 


Addition Property of Equations 


The same number can be added to each side of an equation without 


changing its solution. In symbols, the equation a = bhas the same 
solution as the equationa+ c=b+c. 





In solving an equation, the goal is to rewrite the given equation in the form 
variable = constant. The Addition Property of Equations is used to remove a term 
from one side of the equation by adding the opposite of that term to each side of 
the equation. 


TAKE NOTE => Solve: x —4=2 


Think of an equation as a x—-4=2 ¢ The goal is to rewrite the equation as variable = constant. 


balance scale. If the weights 5 . 
Rded tocach aide of aA x-44+4=2+4 ® Add 4 to each side of the equation. 


equation are not the same, the a al 
“pans” no longer balance. AEN a © * Simplify. 
x=6 ® The equation is in the form variable = constant. 
Check:x = 4 =2 
6-4 | Z 
2=2 A true equation 


The solution is 6. 


Because subtraction is defined in terms of addition, the Addition Property of 
Equations also makes it possible to subtract the same number from each side of 
an equation without changing the solution of the equation. 
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Sent! 
Oe Vg 


€ 2 c gh * The goal is to rewrite the equation in the form 

y Ai” 2 variable = constant. 

Sapa tS 3 

ey ae 4 oa 2 er ® Subtract 4 from each side of the equation. 
2 aS 
Seen Oiea es © Simplify. 
1 
Va Bi © The equation is in the form variable = constant. 


Lrg. 
The solution is — a You should check this solution. 


3 
Example3 Solve: x + a You Try It3 Solve: 2 


Solution Your solution 


: ; 5 
The solution is — a 





Solution on p. S4 | — 


Objective C_ To solve an equation of the fOr ax = DB ou.ceeccseccceecccescessscesssesseeess 
The solution of the equation at the right 2x = 2-3=6 
is 3 because 2 - 3 = 6 is a true equation. Be 
Note that if each side of 2x = 6 is multi- 5(2x)=5-6 
plied by 5, the solution is still 3. 10x = 30 10-3 = 30 
2x = 6 
If each side of 2x = 6 is multiplied by —4, (—4)(2x) = (—4) - 6 
the solution is still 3. —8x = —24 -—8-3 = —-24 
The equations 2x = 6, 10x = 30, and —8x = —24 are equivalent equations; each 


equation has 3 as its solution. These examples suggest that multiplying each side 
of an equation by the same number produces equivalent equations. 


Multiplication Property of Equations 


Each side of an equation can be multiplied by the same nonzero 
number without changing the solution of the equation. In symbols, 


if c # 0, then the equation a = bhas the same solutions as the 
equation ac = be. 
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TAKE NOTE 


Remember to check the 
solution. 


Check: 6x=14 
7 

6(3) 14 

14= 14 


Example 4 


Solution 


Example 5 


Solution 





The Multiplication Property of Equations is used to remove a coefficient by mul- 
tiplying each side of the equation by the reciprocal of the coefficient. 


=> Solve: =Z =="9 


- z=9 ® The goal is to rewrite the equation in the form variable = constant. 
4 3 4 : : 
ioe ey. ee oO) e Multiply each side of the equation by ;. 
apc t= 3 ply q Y3 
jeg = 12 © Simplify. 


2 e The equation is in the form variable = constant. 


Ze 

The solution is 12. You should check this solution. 
Because division is defined in terms of multiplication, each side of an equation 
can be divided by the same nonzero number without changing the solution of 


the equation. 


mi Solve: 6x = 14 


6x = 14 ¢ The goal is to rewrite the equation in the form variable = constant. 
m = o ¢ Divide each side of the equation by 6. 
7 Se deart 6.9 : 
x= 3 ® Simplify. The equation is in the form variable = constant. 


: eel 
The solution is x 


When using the Multiplication Property of Equations, multiply each side of the 
equation by the reciprocal of the coefficient when the coefficient is a fraction. 
Divide each side of the equation by the coefficient when the coefficient is an 
integer or decimal. 


You Try It 4 


Your solution 


ee =(-9) ° 2 = | 


BS =P 


The solution is —12. 


Solve: 5x — 9x = 12 You TryIt5 Solve: 4x — 8x = 16 


5x — 9x = 12 Your solution 
—4x = 12 © Combine like terms. 
—4x 12 
—4 
x 


The solution is —3. 


Solutions on pp. S4-S5 
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ObjectiveD— To solve application problems using 


_ TAKE NOTE 


_ We have written P(80) = 70 

_ because that is the form of the 

_ basic percent equation. We 
could have written 80P = 70. 

_ The important point is that each 

_ side of the equation is divided 

_ by 80, the coefficient of P. 


POINT OF INTEREST 


As noted in the problem at 
_ the right, $735 of a typical 
traveler's vacation bill is paid 
_ for in cash. Of the remainder 
spent, $433 (or 30%) is paid by 
— credit card, $144 (or 10%) is 
paid for in traveler's checks, 
-and $130 (or 9%) is paid for in 
_ personal checks. 


the basic percent equation 


An equation that is used frequently in mathematics applications is the basic per- 
cent equation. 


Basic Percent Equation 


Percent - Base = 
Eee 





In many application problems involving percent, the base follows the word “of.” 


=> 20% of what number is 30? 


P-B=A ® Use the basic percent equation. 
0.20B = 30 © P= 20% = 0.20, A = 30, and Bis unknown. 
0.20B 30 
0.20 = 0.20 Solve for B. 
B= 150 


The number is 150. 


=> 70 is what percent of 80? 


P-B=A e Use the basic percent equation. 
P(80) = 70 e B=80, A= 70, and Pis unknown. 
E60) = uf ® Solve for P. 

80 80 
P= 0.875 © The question asked for a percent. 
P = 87.5% Convert the decimal to a percent. 


70 is 87.5% of 80. 


m> According to the Travel Industry Association of America, a typical traveler's 
@¢ total vacation bill is $1442. Of that amount, $735 is paid in cash. To the near- 
G est percent, what percent of a typical traveler’s vacation bill is paid in cash? 


Strategy To determine the percent, use the basic percent equation. 
B = 1442, A = 735, and P is unknown. 


P-B=A 
P(1442) = 735 
P(1442) 735 
1442-1442 
P~ 0.51 = 51% 


Solution 


A typical traveler pays 51% of the vacation bill in cash. 
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In most cases, you should write the percent as a decimal before solving the basic 
percent equation. However, some percents are more easily written as a fraction. 


For example, 


2 1 1 5 


etreal Dee : 5 
333% 3 663% 165% 6 5? 


Example 6 
12 is 332% of what number? 
Solution 
P-B=A 
1 1 


1 
Be ale e 33; % oa 3 


B = 36 


1 
b25is 335% of 36. 


Example 7 
» Ina recent year, 238 U.S. airports 
collected $1.1 billion in passenger 
taxes. Of this amount, $88 million was spent 
on noise reduction. What percent of the 
passenger taxes collected was spent on noise 
reduction? 


Strategy 

To find the percent, solve the basic percent 
equation using B = 1.1 billion = 1100 
million and A = 88 million. The percent is 
unknown. 


Solution 
P-B=A 
P(1100) = 88 
P(1100) 88 
1100 1100 
P = 0.08 


8% of the passenger taxes collected was 
spent on noise reduction. 


You Try It 6 
2 
18 is 165% of what number? 


Your solution 


You Try It 7 

» The federal government ran a deficit of 

* $23.1 billion in March of 1997. The deficit 
in March of 1996 was $47.1 billion. What 
percent of the March 1996 deficit was the 
March 1997 deficit? Round to the nearest 
tenth of a percent. 


Your strategy 


Your solution 





Solutions on p. S5 


2.1 Exercises 
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ee ee 
ee Boe LONE’ AS 1E 6 1(el" 0 ellie) le Toioiiel levels) fe le 6 8 6.6 6 fe so) 6 #8 6 6 6 es 8 © ewe eee 


Objective A 


1. Is 4a solution of 
2x = 8? 


4. Is —2 a solution of 
3a — 4= 10? 


7. Is5asolution of 
2x + 5 = 3x? 


10. Is 3 a solution of 
2+1=4+4 32? 


13. Is —2 a solution of 
m* —4=m + 3? 


16. Is 4a solution of 
Kk 41) =x? + 5? 


19. Is ; a solution of 


4y +1=3? 





Objective B 
Solve and check. 


22 o> = 7 


26. 2+a=8 


30. n-5=-2 


20. 


2 yr 39 


ae 6. — 5 


Is'3 a solution of 
y+4=7? 


Is 1 a solution of 
4 — 2m = 3? 


Is 4 a solution of 
3y — 4 = 2y? 


- Is 2a solution of 


2x2 — 1 = 4x — 1? 


- Is5 a solution of 


Re 2k +1 = (e+ 1)? 


. Is 3 asolution of 


2a(a — 1) = 3a + 3? 


Z ; 
Is za solution of 


5m + 1 = 10m — 3? 


12. 


15. 


18. 


21. 


24. b-4=11 


28. m+9=3 


S27 


Is —1 a solution of 
2b — 1 = 3? 


Is 2 a solution of 
7 — 3n = 2? 


Is 0a solution of 
4a+5=3a+5? 


Is —1 a solution of 
y? — 1 = 4y + 3? 


Is —6 a solution of 
(n — 2)* =n? — 4n + 4? 


1 ‘ 
Is ae solution of 


8 +1=-1? 


3 i 
Is 42 solution of 


8x = 1 = 12h + 32 


25. 2-6 = 10 
29. t+12=10 


33. y-5=-5 
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34. a-3=-5 35.0 Oo = — 5 36. z+9=2 37. n+11=1 
38. 10+m=3 39..8 +x=5 40. 9+x=-3 41. 10+y=-4 
42. b-5=-3 43. t-6=—4 44. 4+x=10 45. 9+a=20 
46. 2=x+7 47. -8=nil 48. 4=m-I11 49. -6=y-5 
50. 12=3+w Sle == 5 x 52. 4=-10+b 53. =) =] 42 we 
D 1 3 1 1 1 
54. 13=-—6 + 55. m+ a= == Se ns es cae 
a m 3 3 56. c 4 q Si. x moe 
Deed 5 1 4 y 
58. ae 59. = Pa = —— 


1 1 1 I 2nd 
61. es a 62. ye f ae 
Pee FA Gaus 62 ged 
Dae 2: 5 1 1 2 
64. n+ === 65. ==] = y= = > Bae 
53 6 x 4 66 4 G 3 
67. d+ 1.3619 = 2.0148 68. w + 2.932 = 4.801 69. —0.813 +x = —1.096 


70. —1.926 + t = —1.042 71. 6.149 = —3.108 + z 12. 5:231 = —2.014 +x 
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Objective C 


Solve and check. 


2S Sxe>.=15 74. 4y = —28 75. 3b=0 76. 2a=0 
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113. -2m=-2 114. 5*+4+2x = 14 115. 3n + 2n = 20 116. 7d -—4d=9 
eS K 
= = = = —_ = . —— = —7.88 
117. 10y — 3y = 21 118. 2x —5x =9 119. 146 3.25 120 395 


121. 3.47a = 7.1482 122. 2.31m = 2.4255 123. —3.7x = 7.881 124. —"_ = 9.08 





2.65 
Objective D 
125. What is 35% of 80? 126. What percent of 8 is 0.5? 127. Find 1.2% of 60. 
128. 8 is what percent of 5? 129. 125% of what is 80? 130. What percent of 20 is 30? 


131. 12 is what percent of 50? 132. What percent of 125is50? 133. Find 18% of 40. 


134. What is 25% of 60? 135. 12% of what is 48? 136. 45% of what is 9? 

1 2 
137. What is 333% of 27? 138. Find 165% of 30. 139. What percent of 12 is 3? 
140. 10 is what percent of 15? 141. 60% of what is 3? 142. 75% of what is 6? 


143. 12is what percent of 6? 144. 20 is what percent of 16? 145. 5 % of what is 21? 





146. 


149, 


152. 


155. 


156. 


157. 


158. 


159. 








161. 
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375% of what is, 152 147. Find 15.4% of 50. 148. What is 18.5% of 46? 
1 is 0.5% of what? aus 3 is 1.5% of what? 151. = % of what is 3? 

1 ; 

5 of what is 3? 153. Find 125% of 16. 154. What is 250% of 12? 
16.43 is what percent of 20.45? Round to the nearest hundredth of a 


percent. 


Find 18.37% of 625.43. Round to the nearest hundredth. 


A university consists of three colleges: business, engineering, and fine 
arts. There are 2900 students in the business college, 1500 students in 
the engineering college, and 1000 students in the fine arts college. 
What percent of the total number of students in the university are in 
the fine arts college? Round to the nearest percent. 


Approximately 21% of air is oxygen. Using this estimate, de- 
termine how many liters of oxygen there are in a room con- 
taining 21,600 L of air. 


Corporate Sponsorships 
(in millions of dollars) 


The circle graph at the right represents corporate spending in 
1997 of $6 billion to sponsor events. What percent of the 
amount spent by companies was spent on sports? 





In 1950, 12% of mothers with children under age 6 worked 
outside the home. By 1995, that percent had increased to 64%. SonrcesTH@ SeonsorshipRedet 
How many more mothers with children under age 6 worked 

outside the home in 1995 than in 1950? 


The Energy Information Administration reports that if every U.S. 
household switched 4 h of lighting per day from incandescent bulbs to 
compact fluorescent bulbs, we would save 31.7 billion kilowatt-hours 
(kWh) a year, or 33% of the total electricity used for home lighting. 
What is the total electricity used for home lighting in this country? 
Round to the nearest tenth of a billion. 
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162. 


163. 


¢ 


164. 


¢ 


165. 





2 : ; 
At least 66—% of the Senate must vote to override the presidential 


veto. There are 100 senators in the Senate. What is the minimum 
number of votes needed to override a veto? 


According to Time (March 1997), in 1996 The Coca-Cola Company de- 
clared its intention to repurchase 206 million shares of the company, 
or 8.3% of the company’s outstanding common stock. How many 
shares of The Coca-Cola Company common stock were outstanding at 
the time of this announcement? Round to the nearest million. 


A Holstein cow in Wisconsin recently set a milk production 
record. She averaged 174 lb of milk per day for 365 days. What 
percent of the average daily milk production in 1996 was the 
production by this Wisconsin Holstein? See the graph at the 
right. Round to the nearest percent. 


According to Working Woman (July-August 1997), in 1996, total 
consumer spending in the United States was $4.69 trillion. Of 
that amount, 1.58% was spent on new cars. In 1986, total con- 
sumer spending in the United States was $3.72 trillion, of which 
3.09% was spent on new Cars. 

a. During which year was more money spent on new cars? 

b. How much more? Round to the nearest billion. 


APPLYING THE CONCEPTS 


166. 


167. 


168. 


169. 


170. 


171. 


Solve the equation ax = b for x. Is the solution you have written valid 
for all real numbers a and b? 


a. Make up an equation of the form x + a = b that has 2 as a solution. 
b. Make up an equation of the form ax = b that has —1 as a solution. 


Solve. a. z = —2 c. eet =? 
A 3 
by 


el R|w 


Write out the steps for solving the equation > = —3. Identify each 


Property of Real Numbers or Property of Equations as you use it. 


In your own words, state the Addition Property and the Multiplication 
Property of Equations. 


If a quantity increases by 100%, how many times its original value is 
the new value? 


Average Milk Production 
by U. S. Dairy Cows 


Pounds per day 


50 
42.7 44.3 45.2 oo 






40 
30 
20 


10 


1993 1994 1995 1996 
Source: Department of Agriculture 
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POINT OF INTEREST In solving an equation of the form ax + b = c, the goal is to rewrite the equation 
; cutee in the form variable = constant. This requires the application of both the Addi- 

a. tion and the Multiplication Properties of Equations. 

21, made significant - 

contributions to solving 

equations. In fact, there is a 

branch of mathematics called 

Galois Theory showing what 

kinds of equations can and 

_ cannot be solved. 


= Solve: x a= — 1 I 
The goal is to write the equation in the form variable = constant. 
3 
Te 2=-11 


3 
4° See 2 = 11 OD * Add 2 to each side of the equation. 


z 9 Simplif 
or aa ° s 
4 implify 
4 3 4 
3 : ne = 3 9) * Multiply each side of the equation by * 
2 =—A2 ® The equation is of the form variable = constant. 


® Check the solution. 





© A true equation 


The solution is —12. 


Example 1 Solve: 3x — 7 = —5 You Try It 1 Solve: 5x + 7 = 10 


Solution 3x —7 = —5 Your solution 


may) 
The solution is x 


Solution on p. S5 
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Example 2 
Solve: 5 = 9 — 2x 
Solution 
Da: 9 = 24 
Sie 9 — 9 2x 
—4=-2x 
a4 2x 
Jie Sos 
2=x 


The solution is 2. 


Example 3 


You Try It 2 
Solve: 2 = 11 + 3x 


Your solution 


You Try It 3 


Solve: 2x + 4 — 5x = 10 Solve: x —5 + 4x = 25 


Solution 
2x + 4 -— 5x = 10 
—3x+4=10 


3x +4-4=10- 


—3x =6 
Sot ae 10 


=—3 —3 
x ——2 


The solution is —2. 





Objective B 


Your solution 


e Combine like terms. 
4 


Solutions on p. S5 


To solve an equation of the form ax + b= CX + iuu..eceseeeeeeeeeeeees (@) 


In solving an equation of the form ax + b = cx + d, the goal is to rewrite the 
equation in the form variable = constant. Begin by rewriting the equation so 
that there is only one variable term in the equation. Then rewrite the equation 
so that there is only one constant term. 


=> Solve: 2x +3 = 5x -—9 
2x+3=5x-9 


250 = Se 3 == 5% 9 


Subtract 5x from each side of the equation. 


oer 3-9 e Simplify. 
iS Oe = a ee © Subtract 3 from each side of the equation. 
= Se 2 © Simplify. 
ox at : : 
ay = = ® Divide each side of the equation by —3. 
x=4 © The equation is in the form variable = constant. 


The solution is 4. You should verify this by checking this solution. 
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Example 4 You Try It 4 
Solve: 4x — 5 = 8x — 7 Solve: 5x +4=6+ 10x 


Solution Your solution 
4x —5 = 8x —7 
4x — 8x —-5 = 8x —- 8x —- 7 
—4x-5= 
Sati lek 5 
—4x 


—4x 


—4 


, eel 
The solution is z 


Example 5 You Try It 5 
Solve: 3x + 4-5x =2 — 4x Solve: 5x — 10 — 3x = 6 — 4x 


Solution Your solution 
3x +4-5x =2-4x 
—2x +4=2- 4x 
—2x + 4x+4=2-4x%+ 4x 


2n+4=2 


The solution is —1. 


Solutions on p. S5 





Objective C To solve an equation containing parentheses. .......00:..1ccceccceeen 


When an equation contains parentheses, one of the steps in solving the equation 
requires the use of the Distributive Property. The Distributive Property is used to 
remove parentheses from a variable expression. 


— 
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=> Solve: 4 + 5(2x — 3) = 3(4x — 1) 


4 + 5(2x — 3) = 3(4x — 1) 
Ae 100 — 15 — 126533 e Use the Distributive Property. Then simplify. 


100 S23 


10x — 12x — 11 = 12x — 12x —3 © Subtract 12x from each side of the equation. 


—2x—1t1l=—3 e Simplify. 
=2 11 3 oe e Add 11 to each side of the equation. 
—2x = 8 © Simplify. 
= = = e Divide each side of the equation by —2. 
x=-4 ® The equation is in the form variable = constant. 


The solution is —4. You should verify this by checking this solution. 


Example 6 You Try It 6 
Solve: 3x — 4(2 — x) = 3@ — 2) — 4 Solve: 5x — 4G — 2x) =2C6% — 2G 
Solution Your solution 
3x — 4(2 — x) = 3(@@ — 2) -4 
3x = 8 + 4x = 3x —-6-—4 
1x —=18:'= 3x —'10 
awoke Si oto LO 
4x —-8 = —-10 
AX Seto 1) eer 
4x = 
4x 


4 


Xx 


: ; 1 
The solution is =a 


Solution on p. S5 
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Example 7 
Solve: 3[2 — 4(2x — 1)] = 4x — 10 
Solution 
3[2 — 4x — 1)] =4e=710 
3[2 — 8 + 4] = 4x= 10 
3[6 — 8x] = 4x — 10 
18 — 24x = 4x -— 10 
18 — 24x — 4x = 4x -— 4x - 10 
18 — 28 = -10-* 
18 — 18 — 28x = -10 - 18 
—28x = —28 
—26x . —28 


—28 -28 


x=1 


You Try It 7 
Solve: —2[3x — 5(2x -— 3)] = 3x — 8 


Your solution 


The solution is 1. 





Solution on p. S5 


Objective D_ To translate a sentence into an equation and Solve..................... 


An equation states that two mathematical expressions are equal. Therefore, to 
translate a sentence into an equation requires recognition of the words or 
phrases that mean “equals.” Some of these words and phrases are listed below. 


_ POINT OF INTEREST 


_ Number puzzle problems 
_ similar to the one on this page 
_ have appeared in textbooks for 
_ hundreds of years. Here is one 
from a 1st-century Chinese 
textbook: “When a number is 
divided by 3, the remainder is 2; 
when it is divided by 5, the 
_ remainder is 3; when it is 
_ divided by 7, the remainder is 2. 
Find the number.” There are 
actually an infinite number of 
solutions to this problem. See if 
- you can find one of them. 


equals is 


totals 


is the same as 


=> Translate “five less than four times a number is four more than the number’ 


into an equation and solve. 


the unknown number: n 


four more 
than the 
number 


five less than 


four times a 
number 


OI a iE 
4ne n= 5S =n — 14 
Si 4 
BH => b= 4 +5 
3n =9 
an 9 
oe 38 
i 


The number is 3. 





e Assign a variable to the 
unknown number. 


e Find two verbal expressions 
for the same value. 


e Write an equation. 
© Solve the equation. 


@ Check: 
5 less than 4more 
4times 3 than 3 
4-3-5 3+4 
12-5 7 
7=7 
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Many of the applications of mathematics require that you identify an unknown 
quantity, assign a variable to that quantity, and then attempt to express another 
unknown quantity in terms of that variable. 


Suppose we know that the sum of two 


numbers is 10 and that one of the two one number: 4 
numbers is 4. We can find the other other number: 10 — 4 = 6 
number by subtracting 4 from 10. The two numbers are 4 and 6. 


Now suppose we know that the sum 
of two numbers is 10, we don’t know 
either number, and we want to express 
both numbers in terms of the same vari- 


able. Let one number be x. Again, we one number: x 

can find the other number by subtract- other number: 10 — x 

ing x from 10. The two numbers are x and 10 — x. 
Note that the sum of x and 10 — x is 10. x+(10-—x)=x+10-x=10 


Example 8 You Try It 8 

The sum of two numbers is 9. Eight The sum of two numbers is 14. One more 
times the smaller number is five less than three times the smaller number equals 
than three times the larger number. Find the sum of the larger number and three. 
the numbers. Find the two numbers. 


Solution Your solution 
the smaller number: p 
the larger number: 9 — p 


five less than three 
times the larger 
number 


eight times the 
smaller number 


8p = 3(9-p)-5 
Sp 2a ap — 5 
8p = 22 — 3p 
8p 3p =22. — 3p + 3p 
lip = 22 
Dip 2 
Sie 
p=2 
Opi ae 
These numbers check as solutions. 


The smaller number is 2. 
The larger number is 7. 


Solution on p. S6 
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O66 ee ie ce 
i no tee ome sles eis) elms) Kelaliieliielleiiie ie) ie. ce: 6) © S006) 8 6 @ #1 «6 © 6 *.@ 8 6 es ecole, ee come 


Objective A 


Solve and check. 


ieee l= 10 2. 4y+3=11 
5. 5=4x+9 6. 2=5b+ 12 
9. 4-3w=-2 LO =. 6x-= = 13 
13. 4a —-20=0 14. 3y-9=0 
ie 25 465 = —7 13.) od + 32 ——12 
2k = be 22. 3=11-4n 
Z5. —siit— 21 =0 26-78—-5x — 130 = 0 
29..9-4x =6 30. 3t-2=0 
352. 13x =.0 34. 9d + 10=7 
31280 3 = —9 38. 5-—6m=2 


11. 


15. 


19. 


23. 


27. 


31. 


35. 


39. 


ie ey, 


8 — 3t=2 


6+ 2b=0 


=12x330= —6 


—35=-6b+1 


—4y + 15=15 


9x —-4=0 


12w+11=5 


Cai 


t2. 


16. 


20. 


24. 


28. 


32. 


36. 


5m —-6=9 


a=" = 19 


IA = Syo—= 7/ 


10+ 5m =0 


~13 = -1ly +9 


=8% 43 =—-29 


=3x'+ 19'= 19 


7 — 8z2=0 


oy =) 7. 


Oke 
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41. 


45. 


49. 


53. 


Die 


61. 


65. 


69. 


Ase 


77. 


81. 


10=—-18&% +7 


8— 10% —5 


12x + 19.=3 


—m-1=5 


5 
UO at, 


Dy tee 2y i= 25 


b-8b+1=-6 


42. 


46. 


50. 


54. 


58. 


62. 


66. 


70. 


74. 


78. 


82. 


ay gues: 
Ait WS 
3 
+ [== 
2dr 
4=7 —-2w 
~6y +5 =13 
2 
Sea 
= 
x 
eet 
4 
3 
S. Eto SF 
omy 
5 
IZa 7S 
6 
4c 
Soe 
Te AG 


3 = 7% +9 — 4 


43. 


47. 


51. 


5D: 


59% 


63. 


67. 


le 


75. 


79. 


83. 


b=? — a 


—4x+3=9 


<n+7=13 


4 
SUN ee 


7T-=y=9 
52 


lig 3— 79 


SS Stat 


44. 


48. 


52. 


56. 


60. 


64. 


68. 


72. 


76. 


80. 


84. 


m3 
=7d-1 
8t + 13 =3 
5a-3- 
-Sx+1= 
Ze 
5+iy=3 
3-41 


6a +3+2a=11 


2x — 6% +1=9 


8 = 4n —6+4+ 3n 
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Objective B 


Solve and check. 





85. 8% +5=4x% + 13 86. 6y+2=y+17 S7.. 5% 4 ="24 4-5 
88. 13b-1=4b-19 89.. 15x -2=4% — 13 90° Gi 5 =" 2a8— 20 
Ol. 3x +1=1'— 2x D2 it age OO O34 2h 3 =i ley 
94. 4y —-2 = —-16 — 3y 95 20-4 os) — 502 96. m+4=3m+ 8 
97. 4y—-8=y-8 98. 5a+7=2a+7 99% Gi = =o ok 
100. 10-4n=16-n 1015 tx i Ox 102. 3—-2y=15+ 4y 
103. 2x — 4 = 6x 104. 2b-10=7b 105. 8m = 3m + 20 
106. 9y = 5y + 16 107. 86}+5=5b+7 108. 6y—1=2y+2 
109. 7x-8=x-3 1102 (29 7=)7 = — p= 2y 1 eer le Or 
Objective C 


Solve and check. 


P25 occ 1) = 23 113. 6y + 2(2y + 3) = 16 114. 9n — 3(2n —- 1) =15 


115. 12x — 2(4x — 6) = 28 116. 7a — (3a — 4) = 12 117. 9m — 42m — 3)= 11 
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118. 5(3 — 2y) + 4y =3 119. 4(1 — 3x) + 7x =9 120. 5y-—3=7+4% -2) 

121. 5+2(330+1)=3b+5 122. 6-—4(3a— 2) =2(a +5) 123. 7 — 3(2a — 5) = 3a + 10 

124.2 20-5 —=46a 1) — 2 125.5 = © — 61) = 27 2 | 126. 7-—(5— 8) =4x + 3 

12757312409 — 1] = 37 = 8) 128. 5[2 — (2x — 4)] = 26 — 3x) 

129. 3a + 2[2 + 3(a — 1)] = 2(3a + 4) 130. 5+ 3[1 + 20x — 3))—6@ 25) 

131, —2(4— Gb 2)/=5 — 2b + 6) 132. —4ix = 207-3) eae 
Objective D 


Translate into an equation and solve. 


133. 


134. 


135; 


136. 


137: 


138. 


139. 


The sum of a number and twelve is twenty. Find the number. 


The difference between nine and a number is seven. Find the number. 


Three-fifths of a number is negative thirty. Find the number. 


The quotient of a number and Six is twelve. Find the number. 


Four more than three times a number is thirteen. Find the number. 


The sum of twice a number and five is fifteen. Find the number. 


The difference between nine times a number and six is twelve. Find 
the number. 
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140. Six less than four times a number is twenty-two. Find the number. 
141. The sum of a number and twice the number is nine. Find the number. 


142. Eleven more than negative four times a number is three. Find the 
number. 


143. Seventeen less than:the product of five and a number is two. Find the 
number. 


144. Eight less than the product of eleven and a number is negative nine- 
teen. Find the number. 


145. Seven more than the product of six and a number is eight less than the 
product of three and the number. Find the number. 


146. Fifteen less than the product of four and a number is the difference 
between six times the number and eleven. Find the number. 


147. Thirty equals nine less than the product of seven and a number. Find 
the number. 


148. Twenty-three equals the difference between eight and the product of 
five and a number. Find the number. 


149. The sum of two numbers is twenty-one. Twice the smaller number is 
three more than the larger number. Find the two numbers. 


150. The sum of two numbers is thirty. Three times the smaller number is 
twice the larger number. Find the two numbers. 


151. The sum of two numbers is twenty-three. The larger number is five 
more than twice the smaller number. Find the two numbers. 


152. The sum of two numbers is twenty-five. The larger number is ten less 
than four times the smaller number. Find the two numbers. 
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APPLYING THE CONCEPTS 


153. 


155. 


157. 


158. 


159. 


Solve. 


160. 


162. 


164. 


165. 


If 2x — 3 = 7, evaluate 3x + 4. 154. If3x+5 = —4, evaluate 2x — 5. 
If 5x = 3x — 8, evaluate 4x + 2. 156. If 7x + 3 = 5x — 7, evaluate 3x — 2. 
Solve: x + 28 = 1481 remainder 25 


If 3 + 2(4a — 3) = 5 and 4 — 3(2 — 3b) = 11, which is larger, a or b? 


Does the sentence “Solve 2x — 3(4x + 1)” make sense? Why or why 
not? 


If the equation has no solution, write “No solution.” 
3(2x — 1) — (6x — 4) = -9 161. 7(3x + 6) — 433 + 5x) =13 +x 
=(25 —10a)+4 =5(124 —15)+ 14 163. 5[m + 2(3 — m)] = 3[2(44 — m) - 5] 


Solve the equation x + a = b for x. Is the solution you have written 
valid for all real numbers a and b? 


Explain in your own words the steps you would take to solve the 


2 
equation 3x —4=10. State the Property of Real Numbers or the 


Property of Equations that is used at each step. 


The equation x = x + 1 has no solution, whereas the solution of the 
equation 2x + 3 = 3 is zero. Is there a difference between no solution 
and a solution of zero? Explain your answer. 


Explain the difference between the word equation and the word 
expression. 


The following problem does not contain enough information for us 
to find only one solution. Supply some additional information so 
that the problem has exactly one solution. Then write and solve an 
equation. 

“The sum of two numbers is 15. Find the numbers.” 
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Mixture, Investment, and 
Motion Problems 





Objective A_ To solve value IMIXTUTE PFODIOMS .........1cccccceessesssesssnscesserscsssssesersses {10} | 


‘TAKENOTE A value mixture problem involves combining two ingredients that have different 














rices int 1 

Sapna ain y cert e Oa single blend. For example, a coffee merchant may blend two types 
BF Ghd tia aie shan of coffee into a single blend, or a candy manufacturer may combine two types of 
‘ingredient. For example, the candy to sell as a “variety pack.” 
value of 4 lb of cashews j : : : 
“costing $6 per pound is The solution of a value mixture problem is based on the equation V = AC, where 
: AC=V V is the value of an ingredient, A is the amount of the ingredient, and C is the 

fe 5 : cost per unit of the ingredient. 


=> A coffee merchant wants to make 6 lb of a blend of coffee costing $5 per 
pound. The blend is made using a $6-per-pound grade of coffee and a $3-per- 
pound grade. How many pounds of each of these grades should be used? 


Strategy for Solving a Value Mixture Problem 


1. For each ingredient in the mixture, write a numerical or variable 
expression for the amount of the ingredient used, the unit cost of 
the ingredient, and the value of the amount used. For the blend, 
write a numerical or variable expression for the amount, the unit 
cost of the blend, and the value of the amount. The results can be 
recorded in a table. 





Amount of $6 coffee: x © The sum of the amounts is 6 lb. 
Amount of $3 coffee: 6 — x 


TAKE NOTE 


_ Use the information given in 
the problem to fill in the 
“Amount” and “Unit Cost” 
columns of the table. Fill in 
the “Value” column by 
_ multiplying the two 
expressions you wrote in 
ach row. Use the 
_ expressions in the last 
Bs viite te sauation 2. Determine how the values of the individual ingredients are related. 
Puen Use the fact that the sum of the values of these ingredients is 


equal to the value of the blend. 









6x + 3(6 — x) = 5(6) e The sum of the values of the $6 grade 


6x + 18 — 3x = 30 and the $3 grade is equal to the value of 
3x + 18 = 30 the $5 blend. 
3x = 12 
x=4 
6-x=6-4=2 © Find the amount of $3 coffee. 


The merchant must use 4 lb of the $6 coffee and 2 lb of the $3 coffee. 


oo 
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Example 1 

How many ounces of a silver alloy that 
costs $4 an ounce must be mixed with 
10 oz of an alloy that costs $6 an ounce 
to make a mixture that costs $4.32 

an ounce? 


Strategy 


» The sum of the values before mixing 
equals the value after mixing. 


Solution 
4x + 6(10) = 4.32(10 + x) 


4x + 60 = 43.2 + 4.32x 
—0.32x + 60 = 43.2 
—O532x = —16.8 
Le 2t5 


52.5 oz of the $4 silver alloy must be used. 


You Try It 1 

A gardener has 20 lb of a lawn fertilizer that 
costs $.80 per pound. How many pounds of a 
fertilizer that costs $.55 per pound should be 
mixed with this 20 lb of lawn fertilizer to 
produce a mixture that costs $.75 per pound? 


Your strategy 


Your solution 


Solution on p. S6 








Objective B 


‘TAKE NOTE 


The equation Ar = Qis used to 
find the amount of a substance 
ina mixture. For example, the 
-number of grams of silver in 
50 g of a 40% alloy is: 


Bs Ar— oO 
(50 g)(0.40) = Q 
e 20g=0 





TAKE NOTE 


_ Use the information given in the 
_ problem to fill in the “Amount” 
and “Percent” columns of the 
table. Fill in the “Quantity” 
column by multiplying the two 
xpressions you wrote in each 
row. Use the expressions in the 
ast column to write the 
quation. 
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To solve percent mixture problems .............::c:cccscsssssesssesesessseeeseees () 


The amount of a substance in a solution can be given as a percent of the total so- 
lution. For example, a 5% saltwater solution means that 5% of the total solution 
is salt. The remaining 95% is water. 


The solution of a percent mixture problem is based on the equation Q = Ar, 
where Q is the quantity of a substance in the solution, r is the percent of concen- 
tration, and A is the amount of solution. 


=> A 500-milliliter bottle contains a 4% solution of hydrogen peroxide. Find the 
amount of hydrogen peroxide in the solution. 


Q=Ar © Given: A = 500; r= 4% = 0.04 
Q = 500(0.04) 
O20 


The bottle contains 20 ml of hydrogen peroxide. 


=> How many gallons of a 20% salt solution must be mixed with 6 gal of a 30% 
salt solution to make a 22% salt solution? 


Strategy for Solving a Percent Mixture Problem 


1. For each solution, use the equation Ar = @. Write a numerical 
or variable expression for the amount of solution, the percent of 


concentration, and the quantity of the substance in the solution. 
The results can be recorded in a table. 





The unknown quantity of 20% solution: x 





2. Determine how the quantities of the substance in the individual 
solutions are related. Use the fact that the sum of the quantities 
of the substances being mixed is equal to the quantity of the 


substance after mixing. 





0.20x + 0.30(6) = 0.22(x + 6) * The sum of the quantities of the 
0:20x% + 1.80 = 0:22% + 1.32 substance in the 20% solution and 
—0.02x + 1.80 = 1.32 the 30% solution is equal to the quantity 
—0.02x = —0.48 of the substance in the 22% solution. 
x = 24 


24 gal of the 20% solution are required. 


_ 
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Example 2 

A chemist wishes to make 2 L of an 8% acid 
solution by mixing a 10% acid solution and 

a 5% acid solution. How many liters of each 
solution should the chemist use? 


Strategy 


Liters of 10% solution: x 
Liters of 5% solution: 2 — x 


The sum of the quantities before mixing is 
equal to the quantity after mixing. 


Solution 
0.10x + 0.05(2 — x) = 0.08(2) 


0.10x + 0.10 — 0.05x = 0.16 
0.05x + 0.10 = 0.16 
0.05x = 0.06 

x=1.2 


2>-x =2— 1.2.=0.8 


The chemist needs 1.2 L of the 10% solution 
and 0.8 L of the 5% solution. 


You Try It 2 

A pharmacist dilutes 5 L of a 12% solution 
with a 6% solution. How many liters of the 
6% solution are added to make an 8% 
solution? 


Your strategy 


Your solution 


Solution on p. S6 





Section 2.3 / Mixture, Investment, and Motion Problems 101 


Objective-C To solve investment ProbleMs ..........020.c0ccc0ccccsesscessessceseceees eee €)) 


POINT OF INTEREST 


You may be familiar with the 
simple interest formula 
I= Prt. if so, you know that 
_t represents time. In the 
problems in this section, time 
is always 1 (one year), so the 
formula / = Prt simplifies to 
1 = Pr(1) 
|= Pr 





_TAKE NOTE 


Use the information given in the 
problem to fill in the “Principal” 
and “Interest Rate” columns of 
the table. Fill in the “interest 
_ Earned” column by multiplying 
_ the two expressions you wrote 
_ in each row. 


The annual simple interest that an investment earns is given by the equation 


I = Pr, where J is the simple interest, P is the principal, or the amount invested, 
and r is the simple interest rate. 


=> The annual interest rate on a $2500 investment is 8%. Find the annual 
simple interest earned on the investment. 


I= Pr e Given: P= $2500; r = 8% = 0.08 
I = 2500(0.08) 
I = 200 


The annual simple interest is $200. 


=> An investor has a total of $10,000 deposited in two simple interest accounts. 
On one account, the annual simple interest rate is 6%. On the second ac- 
count, the annual simple interest rate is 10%. How much is invested in the 
6% account if the total annual interest earned is $900? 


Strategy for Solving a Problem Involving Money Deposited 
in Two Simple Interest Accounts 


1. For each amount invested, use the equation Pr = /. Write a 


numerical or variable expression for the principal, the interest 
rate, and the interest earned. The results can be recorded in 
a table. 





Amount invested at 6%: x ® The sum of the amounts 
Amount invested at 10%: $10,000 — x invested is $10,000. 





. Determine how the amounts of interest earned on the individual 
amounts are related. For example, the total interest earned by 
both accounts may be known, or it may be known that the interest 


earned on one account is equal to the interest earned on the 
other account. 





0.06x + 0.10(10,000 — x) = 900 e The sum of the interest earned on the 


0.06x + 1000 — 0.10x = 900 two accounts is $900. 
—0.04x + 1000 = 900 
—0.04x = —100 
x = 2500 


The amount invested at 6% is $2500. 
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Example 3 You Try It 3 

An investment counselor invested 75% of An investment of $5000 is made at an 

a client’s money in a 9% annual simple annual simple interest rate of 8%. How 
interest money market fund. The much additional money must be invested at 
remainder was invested in 7% annual 11% so that the total interest earned will 
simple interest government securities. be 9% of the total investment? 

Find the amount invested in each if the 

total annual interest earned is $3825. 


Strategy Your strategy 
Amount invested: x 
Amount invested at 7%: 0.25x 
Amount invested at 9%: 0.75x 





_ The sum of the interest earned by the 
two investments equals the total 
annual interest earned ($3825). 





Solution Your solution 
0.0175x + 0.0675x = 3825 
0.085x = 3825 
x = 45,000 


0.25x = 0.25(45,000) = 11,250 
0.75x = 0.75(45,000) = 33,750 


The amount invested at 7% is $11,250. 
The amount invested at 9% is $33,750. 














Solution on p. S6 
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ObjectiveD _ To Solve Uniform MOTION ProblEMS..........1.:2..c..c0ssecceseesseseesssseseeeer €) 


TAKE NOTE 





Use the information given in the 
roblem to fill in the “Rate” and 
Time” columns of the table. Fill 
he “Distance” column by 
jultiplying the two expressions 
‘ou wrote in each row. 









A train that travels constantly in a straight line at 50 mph is in uniform motion. 


Uniform motion means that the speed or direction of an object does not 
change. 


The solution of a uniform motion problem is based on the equation d = rt, where 
d is the distance traveled, r is the rate of travel, and t is the time traveled. 


A train traveled at a speed of 55 d=r 
mph for 3 h. The distance traveled d= (55)G) 
by the train can be found by the d= 165 
equation d = rt. 


The distance traveled is 165 mi. 


m A car leaves a town traveling at 40 mph. Two hours later, a second car leaves 
the same town, on the same road, traveling at 60 mph. In how many hours 
will the second car pass the first car? 


Strategy for Solving a Uniform Motion Problem 


1. For each object, use the equation d = rt. Write a numerical or 


variable expression for the distance, rate, and time. The results 
can be recorded in a table. 











: a= d = 40(t +2 
The first car traveled 2 h longer First car GET @> ue 
than the second car. | 
1 | 
| 
= | 
Unknown time for the second car: t Second car GS) ae 
d = 60 


Time for the first car: t + 2 





2. Determine how the distances traveled by the individual objects 
are related. For example, the total distance traveled by both 
objects may be known, or it may be known that the two objects 


traveled the same distance. 





The two cars travel the same distance. 40(t + 2) = 60t 
40t + 80 = 60t 
80 = 207 

Alp 


The second car will pass the first car in 4 h. 


_— 
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Example 4 ; 

Two cars, one traveling 10 mph faster than 
the other, start at the same time from the 
same point and travel in opposite directions. 
In 3 h they are 300 mi apart. Find the rate of 
each car. 


Strategy 
» Rate of 1st car: r 
Rate of 2nd car:r + 10 


- The total distance traveled by the two cars 
is 300 mi. 


Solution 
3r + 3(r + 10) = 300 
3r + 3r + 30 = 300 
6r + 30 = 300 
6r = 270 
r=45 


r+10=45+ 10=55 


The first car is traveling 45 mph. 
The second car is traveling 55 mph. 


Example 5 

How far can the members of a bicycling 
club ride out into the country at a speed of 
12 mph and return over the same road at 

8 mph if they travel a total of 10 h? 


Strategy 
» Time spent riding out: t 
Time spent riding back: 10 — t 


» The distance out equals the distance back. 


Solution 
127— 800 — 7) 
12t = 80 — 8t 
20t = 80 
t=4 (The time is 4h.) 


The distance out = 12t = 12(4) = 48 mi. 
The club can ride 48 mi into the country. 


You Try It 4 

Two trains, one traveling at twice the speed 
of the other, start at the same time on parallel 
tracks from stations that are 288 mi apart 
and travel toward each other. In 3 h, the 
trains pass each other. Find the rate of 

each train. 


Your strategy 


Your solution 


You Try It 5 

A pilot flew out to a parcel of land and back 
in 5 h. The rate out was 150 mph, and the 
rate returning was 100 mph. How far away 
was the parcel of land? 


Your strategy 


Your solution 


Solutions on pp. S6-S7 

















Eas 
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2.3 Exercises 


Objective A Application Problems 


1. An herbalist has 30 oz of herbs costing $2 per ounce. How many ounces 


of herbs costing $1 per ounce should be mixed with the 30 oz to pro- 
duce a mixture costing $1.60 per ounce? 


2. The manager of a farmer’s market has 500 Ib of grain that costs $1.20 
per pound. How many pounds of meal costing $.80 per pound should 
be mixed with the 500 Ib of grain to produce a mixture that costs $1.05 
per pound? 


3. Find the cost per pound of a meatloaf mixture made from 3 lb of 
ground beef costing $1.99 per pound and 1 |b of ground turkey costing 
$1.39 per pound. 


4. Find the cost per ounce of a sunscreen made from 100 oz of a lotion 
that costs $2.50 per ounce and 50 oz of a lotion that costs $4.00 per 
ounce. 


5. A snack food is made by mixing 5 lb of popcorn that costs $.80 per 
pound with caramel that costs $2.40 per pound. How much caramel is 
needed to make a mixture that costs $1.40 per pound? 


6. A wild birdseed mix is made by combining 100 lb of millet seed costing 
$.60 per pound with sunflower seeds costing $1.10 per pound. How 
many pounds of sunflower seeds are needed to make a mixture that 
costs $.70 per pound? 


7. Ten cups of a restaurant’s house Italian dressing is made by blending 
olive oil costing $1.50 per cup with vinegar that costs $.25 per cup. How 
many cups of each are used if the cost of the blend is $.50 per cup? 


8. A high-protein diet supplement that costs $6.75 per pound is mixed 
with a vitamin supplement that costs $3.25 per pound. How many 
pounds of each should be used to make 5 Ib of a mixture that costs 
$4.65 per pound? 


9. Find the cost per ounce of a mixture of 200 oz of a cologne that costs 
$5.50 per ounce and 500 oz of a cologne that costs $2.00 per ounce. 





10. Find the cost per pound of a trail mix made from 40 lb of raisins that 
cost $4.40 per pound and 100 lb of granola that costs $2.30 per pound. 
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12; 


13. 


14. 


15. 


16. 


17. 


18. 
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Twenty ounces of a platinum alloy that costs $220 per ounce are mixed 
with an alloy that costs $400 per ounce. How many ounces of the $400 
alloy should be used to make an alloy that costs $300 per ounce? 


How many liters of a blue dye that costs $1.60 per liter must be mixed 
with 18 L of anil that costs $2.50 per liter to make a mixture that costs 
$1.90 per liter? 


The manager of a specialty food store combined almonds that cost 
$4.50 per pound with walnuts that cost $2.50 per pound. How many 
pounds of each were used to make a 100-pound mixture that costs 
$3.24 per pound? 


A goldsmith combined an alloy that cost $4.30 per ounce with an alloy 
that cost $1.80 per ounce. How many ounces of each were used to make 
a mixture of 200 oz costing $2.50 per ounce? 


Adult tickets for a play cost $6.00 and children’s tickets cost $2.50. For 
one performance, 370 tickets were sold. Receipts for the performance 
were $1723. Find the number of adult tickets sold. 


Tickets for a piano concert sold for $4.50 for each adult. Student tickets 
sold for $2.00 each. The total receipts for 1720 tickets were $5980. Find 
the number of adult tickets sold. 


Find the cost per pound of sugar-coated breakfast cereal made from 40 
lb of sugar that costs $1.00 per pound and 120 lb of corn flakes that cost 
$.60 per pound. 


Find the cost per pound of a coffee mixture made from 8 lb of coffee 
that costs $9.20 per pound and 12 lb of coffee that costs $5.50 per 
pound. 





19: 


20. 


Objective B_ = Application Problems 


Forty ounces of a 30% gold alloy are mixed with 60 oz of a 20% gold al- 
loy. Find the percent concentration of the resulting gold alloy. 


One hundred ounces of juice that is 50% tomato juice are added to 200 
oz of a vegetable juice that is 25% tomato juice. What is the percent 
concentration of tomato juice in the resulting mixture? 
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21. How many-gallons of a 15% acid solution must be mixed with 5 gal ofa 
20% acid solution to make a 16% acid solution? 


22. How many pounds of a chicken feed that is 50% corn must be mixed 


with 400 lb of a feed that is 80% corn to make a chicken feed that is 
75% corn? 


23. A rug is made by weaving 20 lb of yarn that is 50% wool with a yarn 
that is 25% wool. How many pounds of the yarn that is 25% wool are 
used if the finished rug is 35% wool? 


24. Five gallons of a dark green latex paint that is 20% yellow paint are 
combined with a lighter green latex paint that is 40% yellow paint. How 
many gallons of the lighter green paint must be used to create a green 
paint that is 25% yellow paint? 


25. How many gallons of a plant food that is 9% nitrogen must 
be combined with another plant food that is 25% nitrogen 
to make 10 gal of a solution that is 15% nitrogen? 


26. A chemist wants to make 50 ml of a 16% acid solution by 
mixing a 13% acid solution and an 18% acid solution. How 
many milliliters of each solution should the chemist use? 





27. Five grams of sugar are added to a 45-gram serving of a breakfast cereal 
that is 10% sugar. What is the percent concentration of sugar in the 
resulting mixture? 


28. A goldsmith mixes 8 oz of a 30% gold alloy with 12 oz of a 25% gold 
alloy. What is the percent concentration of the resulting alloy? 


29. How many pounds of coffee that is 40% java beans must be mixed with 
80 lb of coffee that is 30% java beans to make a coffee blend that is 32% 
java beans? 


30. The manager of a garden shop mixes grass seed that is 60% rye grass 
with 70 lb of grass seed that is 80% rye grass to make a mixture that is 
74% rye grass. How much of the 60% rye grass is used? 


31. A hair dye is made by blending a 7% hydrogen peroxide solution and a 
4% hydrogen peroxide solution. How many milliliters of each are used 
to make a 300-milliliter solution that is 5% hydrogen peroxide? 
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30% 


34. 


35. 


36. 
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A tea that is 20% jasmine is blended with a tea that is 15% jasmine. 
How many pounds of each tea are used to make 5 lb of tea that is 18% 
jasmine? 


How many ounces of pure chocolate must be added to 150 oz of choco- 
late topping that is 50% chocolate to make a topping that is 75% 
chocolate? 


How many ounces of pure bran flakes must be added to 50 oz of cereal 
that is 40% bran flakes to produce a mixture that is 50% bran flakes? 


Thirty ounces of pure silver are added to 50 oz of a silver alloy that is 
20% silver. What is the percent concentration of the resulting alloy? 


A clothing manufacturer has some pure silk thread and some thread 
that is 85% silk. How many kilograms of each must be woven together 
to make 75 kg of cloth that is 96% silk? 





S71. 


38. 


39. 


40. 


Objective C Application Problems 


An investment of $3000 is made at an annual simple interest rate of 5%. 
How much additional money must be invested at an annual simple 
interest rate of 9% so that the total annual interest earned is 7.5% of the 
total investment? 


A total of $6000 is invested into two simple interest accounts. The 
annual simple interest rate on one account is 9%; on the second ac- 
count, the annual simple interest rate is 6%. How much should be in- 
vested in each account so that both accounts earn the same amount of 
annual interest? 


An engineer invested a portion of $15,000 in a 7% annual simple in- 
terest account and the remainder in a 6.5% annual simple interest gov- 
ernment bond. The amount of interest earned for one year was $1020. 
How much was invested in each account? 


An investment club invested part of $20,000 in preferred stock that pays 
8% annual simple interest and the remainder in a municipal bond that 
pays 7% annual simple interest. The amount of interest earned each 
year is $1520. How much was invested in each account? 
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41. A grocery-ehecker deposited an amount of money into a high-yield 
mutual fund that returns a 9% annual simple interest rate. A second 
deposit, $2500 more than the first, was placed in a certificate of deposit 
that returns a 5% annual simple interest rate. The total interest earned 


on both investments for one year was $475. How much money was 
deposited in the mutual fund? 


42. A deposit was made into a 7% annual simple interest account. Another 
deposit, $1500 less than the first deposit, was placed in a 9% annual 
simple interest certificate of deposit. The total interest earned on both 


accounts for one yeamwas $505. How much money was deposited in the 
certificate of deposit? 


43. A corporation gave a university $300,000 to support product safety 
research. The university deposited some of the money in a 10% simple 
interest account and the remainder in an 8.5% simple interest account. 


How much was deposited in each account if the annual interest earned 
is $28,500? 


44. A financial consultant advises a client to invest part of $30,000 in mu- 
nicipal bonds that earn 6.5% annual simple interest and the remainder 
of the money in 8.5% corporate bonds. How much should be invested 
in each type of bond so that the total annual interest earned each year 
is $2190? 


45. To provide for retirement income, an auto mechanic purchases a $5000 
Y bond that earns 7.5% annual simple interest. How much money must 
be invested in additional bonds that have an interest rate of 8% so that 

the total annual interest earned from the two investments is $615? 


46. The portfolio manager for an investment group invested $40,000 in a 
certificate of deposit that earns 7.25% annual simple interest. How 
much money must be invested in additional certificates that have an 
interest rate of 8.5% so that the total annual interest earned from the 
two investments is $5025? 





47. A charity deposited a total of $54,000 into two simple interest ac- 
counts. The annual simple interest rate on one account is 8%. The an- 
nual simple interest rate on the second account is 12%. How much was 
invested in each account if the total interest earned is 9% of the total 
investment? 


48. A college sports foundation deposited a total of $24,000 into two simple 
interest accounts. The annual simple interest rate on one account is 7%. 
The annual simple interest rate on the second account is 11%. How 
much was invested in each account if the total annual interest earned is 


10% of the total investment? 
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49. An investment banker invested 55% of the bank’s available cash in an 
account that earns 8.25% annual simple interest. The remainder of the 
cash was placed in an account that earns 10% annual simple interest. 
The interest earned in one year was $58,743.75. Find the total amount 
invested. 






































50. A financial planner invested 40% of a client’s cash account in preferred 
stock that earns 9% annual simple interest. The remainder of the 
client’s cash was placed in treasury bonds that earn 7% annual interest. 
The total annual interest earned from the two investments was $2496. 
What was the total amount invested? 


51. The manager of a mutual fund placed 30% of the fund’s available cash 
in a 6% simple interest account, 25% in 8% corporate bonds, and the 
remainder in a money market fund that earns 7.5% annual simple in- 
terest. The total annual interest from the investments was $35,875. 
What was the total amount invested? 


52. The manager of a trust decided to invest 30% of a client’s cash in gov- 
ernment bonds that earn 6.5% annual simple interest. Another 30% 
was placed in utility stocks that earn 7% annual simple interest. The 
remainder of the cash was placed in an account earning 8% annual 
simple interest. The total annual interest earned from the investments 
was $5437.50. What was the total amount invested? 





Objective D Application Problems 


53. Two small planes start from the same point and fly in opposite direc- —»_-)- See 
tions. The first plane is flying 25 mph slower than the second plane. In 479 mi : 
2 h, the planes are 470 mi apart. Find the rate of each plane. 





54. Two cyclists start from the same point and ride in opposite directions. 
One cyclist rides twice as fast as the other. In 3 h, they are 81 mi apart. 
Find the rate of each cyclist. 


55. Two planes leave an airport at 8 A.M., one flying north at 480 km/h and 
the other flying south at 520 km/h. At what time will they be 3000 km 
apart? 


56. A long-distance runner started on a course running at an average 
speed of 6 mph. One-half hour later, a second runner began the same 
course at an average speed of 7 mph. How long after the second run- 
ner started will the second runner overtake the first runner? 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 
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A motorboat leaves a harbor and travels at an average speed of 9 mph 
toward a small island. Two hours later a cabin cruiser leaves the same 
harbor and travels at an average speed of 18 mph toward the same is- 
land. In how many hours after the cabin cruiser leaves will the cabin 
cruiser be alongside the motorboat? 


A 555-mile, 5-hour plane trip was flown at two speeds. For the first part 
of the trip, the average speed was 105 mph. For the remainder of the 


trip, the average speed was 115 mph. For how long did the plane fly at 
each speed? 


An executive drove from home at an average speed of 30 mph to an air- 
port where a helicopter was waiting. The executive boarded the heli- 
copter and flew to the corporate offices at an average speed of 60 mph. 
The entire distance was 150 mi. The entire trip took 3 h. Find the dis- 
tance from the airport to the corporate offices. 


After a sailboat had been on the water for 3 h, a change in the wind 
direction reduced the average speed of the boat by 5 mph. The entire 
distance sailed was 57 mi. The total time spent sailing was 6 h. How far 
did the sailboat travel in the first 3 h? 


A car and a bus set out at 3 P.M. from the same point headed in the same 
direction. The average speed of the car is twice the average speed of the 
bus. In 2 h the car is 68 mi ahead of the bus. Find the rate of the car. 


A passenger train leaves a train depot 2 h after a freight train leaves the 
same depot. The freight train is traveling 20 mph slower than the pas- 
senger train. Find the rate of each train if the passenger train overtakes 
the freight train in 3 h. 


As part of flight training, a student pilot was required to fly to an air- 
port and then return. The average speed on the way to the airport was 
100 mph, and the average speed returning was 150 mph. Find the dis- 
tance between the two airports if the total flying time was 5 h. 


A ship traveling east at 25 mph is 10 mi from a harbor when another 
ship leaves the harbor traveling east at 35 mph. How long does it take 
the second ship to catch up to the first ship? 


At 10 a.M. a plane leaves Boston, Massachusetts, for Seattle, Washing- 
ton, a distance of 3000 mi. One hour later a plane leaves Seattle for 
Boston. Both planes are traveling at a speed of 500 mph. How many 
hours after the plane leaves Seattle will the planes pass each other? 


t- 105 mph +— 115 mph —>} 





100 mph 





150 mph 
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66. 


67. 


68. 


69. 


70. 
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At noon a train leaves Washington, D.C., headed for Charleston, South 
Carolina, a distance of 500 mi. The train travels at a speed of 60 mph. 
At 1 PM. a second train leaves Charleston headed for Washington, D.C., 
traveling at 50 mph. How long after the train leaves Charleston will the 
two trains pass each other? 


Two cyclists start at the same time from opposite ends of a course 
that is 51 mi long. One cyclist is riding at a rate of 16 mph, and the 
second cyclist is riding at a rate of 18 mph. How long after they be- 
gin will they meet? 


A bus traveled on a straight road for 2 h at an average speed that was 
20 mph faster than its average speed on a winding road. The time 
spent on the winding road was 3 h. Find the average speed on the 
winding road if the total trip was 210 mi. 


A bus traveling at a rate of 60 mph overtakes a car traveling at a rate of 
45 mph. If the car had a 1-hour head start, how far from the starting 
point does the bus overtake the car? 


A car traveling at 48 mph overtakes a cyclist who, riding at 12 mph, had 
a 3-hour head start. How far from the starting point does the car over- 
take the cyclist? 


APPLYING THE CONCEPTS 


ZA. 


We. 


aoe 


74. 


A radiator contains 15 gal of a 20% antifreeze solution. How many gal- 
lons must be drained from the radiator and replaced by pure antifreeze 
so that the radiator will contain 15 gal of a 40% antifreeze solution? 


A plant manager invested $3000 more in preferred stocks than in 
bonds. The stocks paid 8% annual simple interest, and the bonds paid 
9.5% annual simple interest. Both investments yielded the same in- 
come. Find the total annual interest received on both investments. 


A bicyclist rides for 2 h at a speed of 10 mph and then returns at a speed 
of 20 mph. Find the cyclist’s average speed for the trip. 


A car travels a 1-mile track at an average speed of 30 mph. At what aver- 
age speed must the car travel the next mile so that the average speed for 
the 2 mi is 60 mph? 
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The solution set of an inequality is a set of numbers, each element of which, 
when substituted for the variable, results in a true inequality. 


The inequality at the right is true if the variable is replaced i le =44 
by (for instance) 3, —1.98, or z eet 
B = 98 =i 4 

2 
Sad 

3 


There are many values of the variable x that will make the inequality x — 1 < 4 
true. The solution set of the inequality is any number less than 5. The solution 
set can be written in set-builder notation as {x |x <5}. 


The graph of the solution set of 


x — 1 <4 is shown at the right. “Yee: Deel 


In solving an inequality, we use the Addition and Multiplication Properties of 
Inequalities to rewrite the inequality in the form variable < constant or in the 
form variable > constant. 


The Addition Property of Inequalities 


Ifa>bthenat+c>bt+e. 
Ifa<bthenat+c<bt+e. 





The Addition Property of Inequalities states that the same number can be added 
to each side of an inequality without changing the solution set of the inequality. 
This property is also true for an inequality that contains the symbol S or =. 


The Addition Property of Inequalities is used to remove a term from one side of 
an inequality by adding the additive inverse of that term to each side of the in- 
equality. Because subtraction is defined in terms of addition, the same number 
can be subtracted from each side of an inequality without changing the solution 
set of the inequality. 


mp Solve:x +2=4 


c+ 224 
Mee ee ¢ Subtract 2 from each side of the inequality. 
Nae © Simplify. 


The solution set is {x|x = 2}. 
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TAKE NOTE 


c >0 means cis a positive 
number. 


c <0 means cis a negative 
number. 


TAKE NOTE 


Each side of the inequality is 
divided by a negative number; 
the inequality symbol must be 
reversed. 


m= Solve: 3x — 4< 2x -— 1 
3x —-4<2x—-1 


3x —2x —4< 2% —2x —-1 © Subtract 2x from each side of the 
ee inequality. 
= 44 SS 4 e Add 4 to each side of the inequality. 
XG 


The solution set is {x|x < 3}. 


The Multiplication Property of Inequalities is used to remove a coefficient from 
one side of an inequality by multiplying each side of the inequality by the recip- 
rocal of the coefficient. 


The Multiplication Property of 
Inequalities 


Rule1 lfa>bandc>0,then ac> be. 


If a< band c >0, then ac < be. 


Rule2 lfa> band c<0,then ac < be. 
If a< band c<0,then ac > be. 





Here are some examples of this property. 


Rule 1 Rule 2 
ope, Eas) 5) Dees 
3(4) > 2(4) 2(4) < 5(4) 3(—4) < 2(—4) 2(—4) > 5(-4) 
i2es8 8 < 20 —-12< -8 —8 > -20 


Rule 1 states that when each side of an inequality is multiplied by a positive 
number, the inequality symbol remains the same. However, Rule 2 states 
that when each side of an inequality is multiplied by a negative number, 
the inequality symbol must be reversed. Because division is defined in terms 
of multiplication, when each side of an inequality is divided by a positive 
number, the inequality symbol remains the same. But when each side of 
an inequality is divided by a negative number, the inequality symbol must 
be reversed. 


The Multiplication Property of Inequalities is also true for the symbols = and=. 


= Solve: —3x > 9 


— 3 ao 
Oe 9 <t ‘ 3 é 
eg < =5 * Divide each side of the inequality by the coefficient —3. Because 
—3 is a negative number, the inequality symbol must be reversed. 
EX) 


The solution set is {x|x < —3}. 
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TAKE NOTE ie m Solve: 3x + 2 < —4 
Any time an inequality is Sue) 2 — 4 
multiplied or divided by a 
negative number, the inequality OE =6 ® Subtract 2 from each side of the inequality. 
_ symbol must be reversed. 
Compare the nexttwo 3x —6 a s 4 , pes 
“examples. 3 = “33 * Divide each side of the inequality by the coefficient 3. 
2x< —-4 Divide each side 
Oy A by positive 2. a) 
2 < oT Inequality is 
cc Matteversed. The solution set is {x|x < —2}. 
—2x<4 Divide each , 
oy 4 side by mp’ Solve: 2x —-9> 4x45 
r9 a5 negative 2. 
Inequality is 2x —9> 4+ 5 
x>—2 reversed. 
er ET ® Subtract 4x from each side of the inequality. 
=2% > 14 * Add 9 to each side of the inequality. 
2%» »/ 14 
——_-< —— ® Divide each side of the inequality by the coefficient —2. 
~2 ~2 Reverse the inequality symbol. 
BG anf 
The solution set is {x|x < —7}. 
TAKE NOTE m Solve: 5(x — 2) = 9x — 3(2x — 4) 
Solving these inequalities is Sc 2) On 3(29="4) 
similar to solving the equations i As 
solved in Section 2 exceptthat Nae =n Oa ¢ Use the Distributive Property to remove parentheses. 
when you multiply or divide the 
: Fegiality bya ae BO 375 2 ® Combine like terms. 
ee a Dia Oe 2 ® ee 3x from each side of the inequality. 
2 22 © Add 10 to each side of the inequality. 
= > “= © Divide each side of the inequality by the coefficient 2. 
Keel 


The solution set is {x|x = 11}. 


Example 1 You Try It 1 
Solve:x + 3 > 4x +6 Solve: 2x = 1 =<'6x + 7 


Solution Your solution 
x+3>4+4+6 
=e O e Subtract 4x from each side. 
—3x > 3 e Subtract 3 from each side. 
Oe 3 
<a oe 
=e —3 
§o <= II 


© Divide each side by —3. 


The solution set is {x|x < —1]. 


Solution on p. S7 
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Example 2 Solve: You Try It2 Solve: 
3x —5 $3 -— 2(3x + 1) 5x —-2=4- 3(« - 2) 


Solution ay = Dl Your solution 
34 = 5.13 — 6x 2 
BC oS 1 Ot 





Solution on p. S7 


Objective B_ To solve a COMPOUNC INEQUAIItY.......2210.cccseccccesssessessscesessseestsseessees Cp) 
A compound inequality is formed by joining 2x <A and’ 3% = 2 
two inequalities with a connective word such as 
and or or. The inequalities at the right are com- 2x + Be *SOre eee 


pound inequalities. 


The solution set of a compound inequality with the connective word and is the 
set of all elements that appear in the solution sets of both inequalities. Therefore, 
it is the intersection of the solution sets of the two inequalities. 


mp Solve: 2x < 6 and 3x + 2 > —-4 


2x<6 and 3x+2>-4 


TAKE NOTE 


The intersection 


{x|x<3}N {x|x> -2 Mee 3x = 6 ® Solve each inequality. 

can be written {x |x Zz 3} oe) 

{x|x > —2 and x < 3}. 

However, it is more commonly (ez a 

written {x|—2 < x < 3}. This ; ' 

i road “the cet ofall ccuch The solution of a compound inequality with and is the intersection of the 
that x is greater than —2 and solution sets of the two inequalities. 

less than 3.” 


(leer 3 Wasa ees? | ier xe 3) 


= Solve: —3 <2x+1<5 


This inequality is equivalent to the com- =3 — 2% + Land 2% 125 
pound inequality shown at the right. 


—3 <924 -- | cand 62ers = 5 


—4< 2x 2x <4 ® Solve each inequality. 
—2<x eae 
{x|x > —2} {ala <2} 


(xlx > —2) Olalx = 2) (le eee 
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Or 


There is an alternative method for solving the inequality in the last example. 


wp Solve: —3 <2x +1<5 
eee (<5 


=o ye fe 5 = | ® Subtract 1 from each of the three parts of the 
Saye A inequality. 
BAS O28. wit s é : 
rn << a << S ® Divide each of the three parts of the inequality by 


the coefficient 2. 
ae) 


‘The solution set is (| =or< x <= 2}, 


The solution set of a compound inequality with the connective word or is the 
union of the solution sets of the two inequalities. 


wp Solve: 2x + 3 > 7 or 4x — 1 < 3 
Dein) SOL OAK la 


2x > 4 4x <4 ® Solve each inequality. 
sD Gal 
{x\x> 2} xi 1} 
ele 2 la = 1h fla 2 ore = 1] e Find the union of the 


solution sets. 


Example 3 You Try It 3 
Solve: 1 < 3x —-5 <4 Solve: —2 = 5x +3 < 13 
Solution Your solution 
de 35 <4 
145<3x%-54+5<4+4+5 
O19 
6. 3x. 9 
—~< =< 
3 3 3 
DENGAN 
eh =x = 3) 


Example 4 You Try It 4 
Solve: 11 — 2x > —3 and 7 — 3x <4 Solve: 2 — 3x > 1lor5+2x>7 


Solution Your solution 
ie > and 7 — 3x <4 
—2%4 > — 14 =3% = —3 
aa aaa 
felix 7) ee ais) 


a=) ala S 1} = (el <x 7} 


Solutions on p. S7 | 
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Objective C_ To solve application problems. ........:.:cccccreie riers Ci) 


Example 5 

A rectangle is 10 ft wide and (2x + 4) ft 
long. Express as an integer the maximum 
length of the rectangle when the area is 
less than 200 ft”. (The area of a rectangle 
is equal to its length times its width.) 


Strategy 


(2x + 4) ft 


To find the maximum length: 


Replace the variables in the area 
formula by the given values and solve 
for x. 


Replace the variable in the expression 
2x + 4 with the value found for x. 


Solution 


(2x + 4)10 < 200 
20x + 40 < 200 
20x + 40 — 40 < 200 — 40 
20x < 160 
20x — 160 
30) = "0% 
x= 8 
The length is (2x + 4) ft. Because x < 8, 


2x + 4 < 2(8) + 4 = 20. Therefore, the 
length is less than 20 ft. 


The maximum length is 19 ft. 


You Try It 5 

Company A rents cars for $8 a day and 10¢ 
for every mile driven. Company B rents 
cars for $10 a day and 8¢ per mile driven. 
You want to rent a car for one week. What 
is the maximum number of miles you can 
drive a Company A car if it is to cost you 
less than a Company B car? 


Your strategy 


Your solution 





Solution on p. S7 : 





2.4 Exercises | 


Objective A 


Solve. 


1. 


10. 


13. 


16. 


19. 


22. 


Ze 


28. 


Kee Soe 


(oye S192 


3x — 1 >2x +2 


Be = 8 


Oc So  4x — 1 


5x —-4<2x+5 


eee al 


—2—x <7 


x+72=24-8 


es 5 
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Zea a 


5. —2x8 


8. Se 2244 — 1 


BERR 2oa 8 


1A Ra 2 6 


17. 4 357710 


20.3 5H 18 


23. Ag Zax ti 


26.) Stole wa 515 


5 
DOE ee eX 


12. 


15. 


18. 


ZA: 


24. 


PATE 


30. 


er ono eNO e Pee aie OMe agiis’ Kelle), er tes ‘s| 0%, 0) 0) sie. (6 <6 @ 0S 8 eee es ee ew 6 8 ee 


4x = 8 


3 


20 =) ae 


4x + 3's —1 


8x + 1 =2x4+ 13 


wil 


8) 4 it 


Or eee) 


Sie 2 ee 


eet 
ie 
bao 6 96 
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SL. oy -3<2-ix 32. tx 3<Gxt2 33. se-o<ix-2 

34.. 6 — 2% — 4) = 2x + 10 35. AQ<— 1) = 3x — 267,255) 

36. 2(1 — 3x) -4>10+ 311 —x) 37. 2-5 1) =O es 

38. 7+2(4-—x)<9- 3(6+x) 39. 3(4x + 3) 57-4 - 2) 

A072 27 2k) =< 332) 41. 342¢4+ 5 2245@+71)414 

AZ PAO 132 =r) 56x12) 43. 3-—4@+4+2)=6+ 42%+ 1) 

Aare — 23x —5) = 2 —8( —4) 45. Ad 2642) 2 ee) 
Objective B 

Solve. 

46. 3x<6andx+2>1 47. x -—3<1land2x=-4 

a8c0X% 1 2 25.66 3x S73 49. 2x <6oo0rx—42>1 

505 —248- -Sand —31— 6 51. & > =—Z and 5% =10 


z 





52. 


54. 


56. 


58. 


60. 


62. 


64. 


66. 


68. 


70. 


72. 


a 


1 a 
3% < —lor2x>0 


x+425 and 2x = 6 


—5x >10andx+1%6 


= > Aand Bx" 12 


Seen? <= LOoor2zx—1>5 


ao ox A= 16 


Om 24 6< 4 


Age == i SS iih Ged geal 


oro and 3h = Soi 


9% —2< 7 and 3x — 5 > 10 


3x —11<4o0r4x +921 


535 


55. 


57, 


59. 


61. 


63. 


65. 


67. 


69. 


71. 


13. 
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y 
3% > 4or2x<—8 


37 <= —Jand«— 2 =< 2 


7x<1l4and1-x<4 


4x+1<5and4x*+7>-1 


Ont 2 = — [40m ea 


DA Sia 


Lp Saye eigie a 


36 nD l0jonsa— 5 = — 10 


OG On ee = 6 


8x +2 = —14 and 4x —2>10 


Sye th il? 2272 or 762 — il ss 118) 
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1ac 0 S547 145524 15. 8 = [x 14391 

165, 3 = LG Le 77. \=3x =< 16 ands 334.2 7-16 
Se et Ae) One Lo 79. 605 = >loml-> 2. <7 > 
80, 3— 7% = 31 and’: 442) 1 81. 9=% 27 andor 24 





Objective C Application Problems 


82. Five times the difference between a number and two is greater than the 
quotient of two times the number and three. Find the smallest integer 
that will satisfy the inequality. 


83. Two times the difference between a number and eight is less than or 
equal to five times the sum of the number and four. Find the smallest 
number that will satisfy the inequality. 


84. The length of a rectangle is 2 ft more than four times the width. Express 
as an integer the maximum width of the rectangle when the perimeter 
is less than 34 ft. 


85. The length of a rectangle is 5 cm less than twice the width. Express as 
an integer the maximum width of the rectangle when the perimeter is 
less than 60 cm. 


86. In 1997, the computer service America Online offered its customers a 

¢ rate of $19.95 per month for unlimited use or $4.95 per month with 3 
free hours plus $2.50 for each hour thereafter. How many hours can 
you use this service per month if the second plan is to cost you less than 
the first? 





87. 


88. 


89. 


90. 


91. 


92, 


93. 


94. 
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TopPage advertises local paging service for $6.95 per month for up 
to 400 pages and $.10 per page thereafter. A competitor advertises 
service for $3.95 per month for up to 400 pages and $.15 per page 


thereafter. For what number of pages per month is the TopPage plan 
less expensive? 


Suppose PayRite Rental Cars rents compact cars for $32 per day with 
unlimited mileage and Otto Rentals offers compact cars for $19.99 per 
day but charges $.19 for each mile beyond 100 mi driven per day. You 
want to rent a car for-one week. How many miles can you drive during 
the week if Otto Rentals is to be less expensive than PayRite? 


During a weekday, to call a city 40 mi away from a certain pay phone 
costs $.70 for the first 3 min and $.15 for each additional minute. If you 
use a calling card, there is a $.35 fee and then the rates are $.196 for the 
first minute and $.126 for eath additional minute. How long must a call 
be for it to be cheaper to pay with coins rather than a calling card? 


The temperature range for a week was between 14°F and 77°F. Find the 


temperature range in Celsius degrees. F = =C ioe 


The temperature range for a week in a mountain town was between 0°C 
and 30°C. Find the temperature range in Fahrenheit degrees. 

5(F — 32) 
5 


You are a sales account executive earning $1200 per month plus 6% 
commission on the amount of sales. Your goal is to earn a minimum of 
$6000 per month. What amount of sales will enable you to earn $6000 
or more per month? 


George Stoia earns $1000 per month plus 5% commission on the 
amount of sales. George’s goal is to earn a minimum of $3200 per 
month. What amount of sales will enable George to earn $3200 or more 
per month? 


Heritage National Bank offers two different checking accounts. The 
first charges $3 per month and $.50 per check after the first 10 checks. 
The second account charges $8 per month with unlimited check writ- 
ing. How many checks can be written per month if the first account is 
to be less expensive than the second account? 
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o>, 


96. 


CA 


98. 


99. 


Glendale Federal Bank offers a checking account to small businesses. 
The charge is $8 per month plus $.12 per check after the first 100 
checks. A competitor is offering an account for $5 per month plus $.15 
per check after the first 100 checks. If a business chooses the first 
account, how many checks does the business write monthly if it is 
assumed that the first account will cost less than the competitor's 
account? 


An average score of 90 or above in a history class receives an A grade. 
You have grades of 95, 89, and 81 on three exams. Find the range of 
scores on the fourth exam that will give you an A grade for the course. 


An average of 70 to 79 in a mathematics class receives a C grade. A 
student has grades of 56, 91, 83, and 62 on four tests. Find the range 
of scores on the fifth test that will give the student a C for the course. 


Grade A hamburger cannot contain more than 20% fat. How much 
fat can a butcher mix with 300 lb of lean meat to meet the 20% 
requirement? 


A shuttle service taking skiers to a ski area charges $8 per person each 
way. Four skiers are debating whether to take the shuttle bus or rent a 
car for $45 plus $.25 per mile. The skiers will share the cost of the car, 
and they want the least expensive method of transportation. How far 
away is the ski area if they choose the shuttle service? 


APPLYING THE CONCEPTS 


100. 


101. 


102. 


103. 


104. 


Determine whether the statement is always true, sometimes true, or 
never true, given that a, b, and c are real numbers. 

a. Ifa > b, then —a > —b. 

b. Ifa < b, then ac < be. 

ce. lfia@>b,thena +c >=bt+e¢: 

d 


elas ONDE 0: anda > b, then - > ;. 


Use the roster method to list the set of positive integers that are solu- 
tions of the inequality 7 — 2b = 15 — 5b. 


Determine the solution set of 2 — 3(x + 4) <5 — 3x. 


Determine the solution set of 3x + 2(« — 1) > 5(« + 1). 


In your own words, state the Multiplication Property of Inequalities. 
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5 Absolute Value Equations 
e and Inequalities 








TSS 
SY 


Objective A To solve an absolute value SOOPER ELON ee acai gzip elie dae evs a Se sndiemew eae 


The absolute value of a number is its distance from zero on the number line. 
Distance is always a positive number or zero. Therefore, the absolute value of a 
number is always a positive number or zero. 


The distance from 0 to 3 35 5s 
or from 0 to —3 is 3 units. 


3} = 3 |-3] =3 





- -4-3-2-1 0123 4 5 


An equation that contains an absolute value symbol is called an absolute value 
equation. The solution of an absolute value equation is based on the following 


property: 
If a = 0 and |x| = a, thenx =a orx = —a. 
For instance, given |x| = 3, then x = 3 or x = —3, because |3| = 3 and |—3] = 3. 


=> Solve: |x + 2| = 8 


eerez | =-8 
TAKE NOTE x+2=8 x+2=-8 e Remove the absolute value sign and rewrite 
Because the absolute value of as two cian 
x + 2is8, the number x + 2is x=6 x= -10 e Solve each equation. 
8 units from 0 on the number 
line. Therefore, x + 2is equal Check: |x + 2|= 8 eerenCaa18 
to8or—8. 
6+ 2] | 8 |-10 + 2| | 8 
3] | 8 aebis 
8 =8 8=8 


The solutions are 6 and —10. 


= Solve: |5 — 3x| — 8 = —4 
5 — 3x|-8 = —4 


[5 — 3x| = 4 © Solve for the absolute value. 
5 —-— 3x =4 5 — 3x = -4 e Remove the absolute value sign and 
rewrite as two equations. 
=o 4 —3X = —=9 * Solve each equation. 
1 
= > x= 
me 
Check: [5 = 3x|- 8 = —4 (See) et 





5 8e)|— 81) 4 


5-9-8 | -4 
4-8 | -4 





1 
The solutions are = and 3. 
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Example 1 You Try It 1 
Solve: |2 — x| = 12 Solve: |2x — 3| = 5 


Solution Your solution 
2a) ="12 
2 =e 2 x= 2 
—x = 10 —x = —-14 
x=-—10 x= 14 


The solutions are —10 and 14. 


Example 2 You Try It 2 
Solve: 3 — |2x — 4] = —5 Solve: 5 — |3x + 5| = 3 


Solution Your solution 
3 12x = 4) = =5 
—|2x — 4| = -8 
2x — 4|=8 
2x -4=8 2x —-4= 
2x = 12 DG 
x=6 x= 


The solutions are 6 and —2. 


Solutions on p. S7 





Objective B_ To solve an absolute value inequality .............ccccccccccssssseseeeececnenenneneecesesenes 


Recall that absolute value represents the distance between two points. For exam- 
ple, the solutions of the absolute value equation |x — 1| = 3 are the numbers 
whose distance from 1 is 3. Therefore, the solutions are —2 and 4. 


The solutions of the absolute value in- Distance Distance 
equality |x« — 1| < 3 are the numbers less than 3. less than 3 
whose distance from 1 is less than 3. a 
Therefore, the solutions are the numbers -5-4-3-2-1 0123 45 


greater than —2 and less than 4. The solu- 
tion set is {x| —2 <x < 4}. 


To solve an absolute value inequality of the form |ax + b| < c, solve the 
equivalent compound inequality —c < ax +b <ce. 


TAKE NOTE = Solve: |3x — 1|<5 
Because the absolute value |3x a 1| eS 
of 3x — 1 is less than 5, the 
number 3x — 1 is less than = i A ¢ Solve the equivalent compound inequality. 
5 units from 0 on the number Seta ee — a i 
line. 

= Gee <6) 

= OX 6 
B54) 329 10) 12 34 5 3 3 3 

4 
B SK ee 

Therefore, 3x — 1 is between 3 


—5 and 5. 


4 
{I-$<2<2| 
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~~ The solutions of the absolute value in- Distance a 
equality |x + 1| > 2 are the numbers een lane pee 
< ‘ oF 
whose distance from —1 is greater than oe ee eae rete ep 
2. Therefore, the solutions are the num- pont po 1 0 ee S45 


bers that are less than —3 or greater 
than 1. The solution set of |x + 1] > 2 is 
{xix < —3 orx >A}, 


TAKE NOTE To solve an absolute value inequality of the form |ax + b| > c, solve the 
aires the absolute value equivalent compound inequality ax + b < —c orax +b>c. 
of 3 — 2xis greater than 1, 
the number 3 — 2x is more = Solve: |3 — 2x 1 
than 1 unit from 0 on the 
number line. 3 exe tor 3 20> 1 
—2y = = 4 a ee ® Solve each inequality. 

Ke 2 en 

B5=4-352-10 123.45 (=| {x|x < 1} 
foe 21 ale <1) Find the union of the solution sets of the two 

Therefore, 3 — 2x is less =(eie = 2 orx =< 1} inequalities. 


than —1 or greater than 1. 


Example 3 Solve: |4x — 3| <5 You Try It3 Solve: |3x + 2| < 8 


Solution Solve the equivalent Your solution 
compound inequality. 


=) = 4401 305 
Sees) <a: OC S573 

—2<4* <8 

aa 4x 


gotta 
4 4 


1 
=== 4 <2 
Bo 


1 
{» -S<x<2| 


Example 4 Solve: |2x — 1| >7 You Try It 4 Solve: |5x + 3| > 8 
Solution Solve the equivalent compound Your solution 
inequality. 


Deira] or 24 — 1S 7 
20= —6 Le > 58 
x<-3 x>4 

ivi — 3) {x|x > 4} 

a= 3) U {x|x > 4} 

(oie = =o on > 4] 


Solutions on pp. S7-S8 





128 Chapter 2 / First-Degree Equations and Inequalities 


Objective C_ To solve application problems ...........:::ccccccceccsesccnscsreseenecenessneerienernesiies 


The tolerance of a component, or part, is the acceptable amount by which 
the component may vary from a given measurement. For example, the di- 
ameter of a piston may vary from the given measurement of 9 cm by 0.001 cm. 
This is written 9 cm + 0.001 cm and is read “9 centimeters plus or minus 0.001 
centimeter.” The maximum diameter, or upper limit, of the piston is 
9 cm + 0.001 cm = 9.001 cm. The minimum diameter, or lower limit, is 
9 cm — 0.001 cm = 8.999 cm. ; 


The lower and upper limits of the diameter of the piston could also be found 
by solving the absolute value inequality |d — 9| = 0.001, where d is the diame- 
ter of the piston. 


ld — 9| < 0.001 
—0.001 =d —9=0.001 
=(.0010s Oa d — 9" oO =O 00i 
8.999 <d = 9.001 


The lower and upper limits of the diameter of the piston are 8.999 cm and 
9-001 crite 


Example 5 You Try It 5 

A doctor has prescribed 2 cc of A machinist must make a bushing that has 
medication for a patient. The tolerance a diameter of 2.55 in. The tolerance of the 
is 0.03 cc. (In the medical field, cubic bushing is 0.003 in. Find the lower and 
centimeter is usually abbreviated cc.) upper limits of the diameter of the bushing. 
Find the lower and upper limits of the 

amount of medication to be given. 


Strategy Your strategy 
Let p represent the prescribed amount of 

medication, T the tolerance, and m the 

given amount of medication. Solve the 

absolute value inequality |m — p| < T 

for m. 


Solution Your solution 


|m —p| =T 

|m — 21 = 0.03 
—0.03 <m — 2 = 0.03 

O03 ean — 2425 0.03 +2 
1.97 <m <2.03 


The lower and upper limits of the 
amount of medication to be given are 
97 ce and 2.03 cc. 


Solution on p. S8 
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SES = —— =. 
2.5 Exercises 


ec Oem Oe, 6 182 6 SL Ou See ve Le 6 (ele =e 6 fe) 6, © © “© ‘e © ‘e@ © 6 10 © © «e680 «© © . 10.10 


Objective A 
Solve. 
1. |x| =7 2. |aj=2 3. |b) =4 4. |c| = 12 

ph 

5. =| = 6 6% |=i=3 7. |-al=7 8. |-x|=3 
9. |x| =—4 10. |y|=—3— jie (dl ee 12 yi 
13. |x + 2|=3 14. |x +5|/=2 15. |y—5|=3 16. |y — 8|=4 
17. ja—2|=0 18. ja+7|/=0 19. |x-2)/=-4 © 20. |x + 8|=-2 
21. |3 — 4x|=9 22. |2—5x|=3 23. |2x —3|=0 24. (5x +5/=0 
25. |3x —2|=—4 26. |2x + 5|=—2 27. |x —2|-2=3 
28. |x-9|-—3=2 29. |3a 4+ 2|—4=4 30. |2a+9/+4=5 
Mo 23S 4 32018 yl 3 a1 33. |2x -—3/+3=3 
34. |4c-—7|-5=-5 35. |2x-3|/+4=-4 36. |3x —2|)+1=-1 
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37. 62 S5(o2= 4 s8erapees en = 7 39. 137,24 B= 4 
40. |5x—2|+5=7 Al. 3-|x—4|=5 Ao. 2 — |x — 5| a4 
43. 8-—|2x -—3|=5 44. 8— (3, 42) =3 45. |2—3x|+7=2 
46. |1 —5a\+2=3 47. |8 — 3x|—3=2 48. |6—5b|-4=3 
49, |2x —8]|+12=2 50. |3x -4/+ 8 =3 51. 2+ |3x-4/=5 
Bee 1s ase oo tls S4. 3 (sy Spee 
55. 6—|2x + 4| =3 56. 8 —|3x—2|=5 57. 8—|1—3x|/=-1 
58. 3 —|3 — 5x| = —2 59. 5+|2-x|=3 60. 6+|3—2x|=2 
Objective B 

Solve. 

61. |x|/>3 62. |x| <5 63. |x +1/>2 

64. |x -—2|>1 65. |x—-5/<1 66. |x — 4| <3 


67. |2—x|=3 68. |3 —x|=2 69. |2x +1] <5 
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70. |3x —2| <4" 71. |5<+2|>12 72. |7x-1|> 13 


73. Ni o| = —2 74. [5x +1|<-4 7S, eT es 


76. [3x —1|>—-4 sd TT. |4-—3x/=5 78. |7—2x|>9 
79. |5 — 4x| < 13 80. |3 — 7x|<17 81. |6 — 3x|<0 
82. |10 — 5x|=0 83. |2 — 9x|> 20 84. [5x — 1|< 16 
85. |2x —3|)+2<8 86. |3x-—5|+1<7 87. [2 a|_-4> 2 
B8, /4—2x|=9> -3 S95 8-225) <3) 3 90. 12 - [3x —4|>7 





Objective C Application Problems 


91. The diameter of a bushing is 1.75 in. The bushing has a tolerance of 
0.008 in. Find the lower and upper limits of the diameter of the bushing. 





92. A machinist must make a bushing that has a tolerance of 0.004 in. The 
diameter of the bushing is 3.48 in. Find the lower and upper limits of 
the diameter of the bushing. 


93. An electric motor is designed to run on 220 volts plus or minus 25 volts. 
Find the lower and upper limits of voltage on which the motor will run. 
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94. 


95. 


A power strip is utilized on a computer to prevent the loss of program- 
ming by electrical surges. The power strip is designed to allow 110 
volts plus or minus 16.5 volts. Find the lower and upper limits of volt- 
age to the computer. 


ara : Le 
A piston rod for an automobile is 9, in. long with a tolerance of ae 


Find the lower and upper limits of the length of the piston rod. 


Sow : De 
96. A piston rod for an automobile is 9, in. long with a tolerance of 4 in. 


Find the lower and upper limits of the length of the piston rod. 


The tolerance of the resistors used in electronics is given as a percent. Use 
your calculator for the following exercises. 


97. Find the lower and upper limits of a 29,000-ohm resistor with a 2% 


tolerance. 


98. Find the lower and upper limits of a 15,000-ohm resistor with a 10% 


tolerance. 


99. Find the lower and upper limits of a 25,000-ohm resistor with a 5% 


tolerance. 


100. Find the lower and upper limits of a 56-ohm resistor with a 5% 


tolerance. 


APPLYING THE CONCEPTS 


101. 


For what values of the variable is the equation true? Write the solution 
set in set-builder notation. 
ax 3|=23 b. ja — 4|=4-a 


102. Write an absolute value inequality to represent all real numbers within 


5 units of 2. 


103. Replace the question mark with <, =, or =. 





a. |x + y|? |x| + ly| b. |x — y| ? |x| — |yI 


rl xo 


ly | 


x 
e. |x| — lyll ? lx] — |y| d. | 








e. |xy| ? |x|ly| 





From Concrete 
to Abstract 
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| Focus on Problem Solving 


In your study of algebra, you will find that the problems are less concrete than 
those you studied in arithmetic. Problems that are concrete provide information 
pertaining to a spécific instance. Algebra is more abstract. Abstract problems are 
theoretical; they are stated without reference to a specific instance. Let’s look at 
an example of an abstract problem. 


How many minutes are in /: hours? 


A strategy that can be used to solve this problem is to solve the same problem af- 
ter substituting a number for the variable. 


How many minutes are in 5 hours? 


You know that there are 60 minutes in 1 hour. To find the number of minutes in 
5 hours, multiply 5 by 60. 


60-5 = 300 There are 300 minutes in 5 hours. 


Use the same procedure to find the number of minutes in # hours: multiply h 
by 60. 


60 -h = 60h There are 60/ minutes in h hours. 
This problem might be taken a step further: 
If you walk one mile in x minutes, how far can you walk in h hours? 
Consider the same problem using numbers in place of the variables. 
If you walk one mile in 20 minutes, how far can you walk in 3 hours? 


To solve this problem, you need to calculate the number of minutes in 3 hours 
(multiply 3 by 60), and divide the result by the number of minutes it takes to 
walk one mile (20 minutes). 


C043 2180 > If you walk one mile in 20 minutes, you can 


0a: 20° 5 walk 9 miles in 3 hours. 


Use the same procedure to solve the related abstract problem. Calculate the 
number of minutes in # hours (multiply i by 60), and divide the result by the 
number of minutes it takes to walk one mile (x minutes). 


60-h _ 60h If you walk one mile in x minutes, you can 





ee - walk 60h miles in hours. 


Xx 


At the heart of the study of algebra is the use of variables. It is the variables in 
the problems above that make them abstract. But it is variables that allow us to 
generalize situations and state rules about mathematics. 


Try each of the following problems. 


1. How many hours are ind days? 
2. You earnd dollars an hour. What are your wages for working h hours? 
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Prime and 
Composite Numbers 


10. 


If p is the price of one share of stock, how many shares can you purchase 
with d dollars? 


A company pays a television station d dollars to air a commercial lasting s 
seconds. What is the cost per second? 


After every v videotape rentals, you are entitled to one free rental. You have 
rented t tapes, where t < v. How many more do you need to rent before you 
are entitled to a free rental? 


Your car gets g miles per gallon. How many gallons of gasoline does your 
car consume traveling ¢t miles? 


If you drink j ounces of juice each day, how many days will g quarts of the 
juice last? 

A TV station has m minutes of commercials each hour. How many ads last- 
ing s seconds each can be sold for each hour of programming? 


A factory worker can assemble p products in m minutes. How many prod- 
ucts can the factory worker assemble in h hours? 


If one candy bar costs n nickels, how many candy bars can be purchased 
with q quarters? 


| Projects and Group Activities 


A prime number is a natural number greater than 1 whose only natural- 
number factors are itself and 1. The number 11 is a prime number because the 
only natural-number factors of 11 are 11 and 1. 


Eratosthenes, a Greek philosopher and astronomer who lived from 270 to 
190 B.c., devised a method of identifying prime numbers. It is called the Sieve of 
Eratosthenes. The procedure is illustrated below. 


S52 e + ee -- 


ee NRK KF RN NO 
£QOOR@G@OKOOO 
Se s AR Re OR 
Sees Sk FG 8h © 
Se en kG eek S 
@XNOQOXOQGNOEOB 
Set fF 2 RG RR 
8 @©@@seG@se & OO *& 
> Ss § AS 8 Gs eS 


a 
2 
at 


Investigation 
into Operations 
with Even and 
Odd Integers 
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List all the natural numbers from 1 to 100. Cross out the number 1, because it is 


not a prime number. The number 2 is prime; circle it. Cross out all the other 
multiples of 2 (4, 6, 8, ...), because they are not prime. The number 3 is prime; 
circle it. Cross out all the other multiples of 3 (6, 9, 12, ...) that are not already 
crossed out. The number 4, the next consecutive number in the list, has already 
been crossed out. The number 5 is prime; circle it. Cross out all the other multi- 
ples of 5 that are not already crossed out. Continue in this manner until all the 
prime numbers less than 100 are circled. 


A composite number is a natural number greater than 1 that has a natural- 
number factor other than itself and 1. The number 21 is a composite number be- 
cause.it has factors of 3 and 7. All the numbers crossed out in the preceding 
table, except the number 1, are composite numbers. 


1. Use the Sieve of Eratosthenes to find the prime numbers between 100 
and 200. 


2. How many prime numbers are even numbers? 


3. Find the “twin primes” between 1 and 200. Twin primes are two prime 
numbers whose difference is 2. For instance, 3 and 5 are twin primes; 5 and 
7 are also twin primes. 


4. a. List two prime numbers that are consecutive natural numbers. 
b. Can there be any other pairs of prime numbers that are consecutive 
natural numbers? 


5. Some primes are the sum of a square and 1. For example, 5 = 2? + 1. Find 
another prime p such that p = n? + 1, where 7 is a natural number. 


6. Find a prime number p such that p = n? — 1, where n is a natural number. 


7. a. 4! (which is read “4 factorial”) is equal to 4-3 - 2-1. Show that 4! + 2, 
4! + 3, and 4! + 4 are all composite numbers. 
b. 5! (which is read “5 factorial”) is equal to5-4-3-+2-+1. Will 5! + 2,5! + 3, 
5! + 4, and 5! + 5 generate four consecutive composite numbers? 
c. Use the notation 6! to represent a list of five consecutive composite 
numbers. 


Complete each statement with the word even or odd. 





1. Ifk is an odd integer, thenk + 1 isan _____ integer. 

2. Ifkis an odd integer, then k — 2 isan ____ integer. 

3. Ifn is an integer, then 2” is an ____ integer. 

4. Ifmandvn are even integers, then m — nis an_____ integer. 

5. Ifm andy are even integers, then mn is an _____ integer. 

6. Ifmandvn are odd integers, then m + n is an integer. 

7. Ifmandvn are odd integers, then m — n is an ___ integer. 

8. Ifmandn are odd integers, then mn is an ___ integer. 

9. If m is an even integer and n is an odd integer, then m — n is an ____ 


integer. 


If m is an even integer and n is an odd integer, than m + n is an 
integer. 


— 
2 
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Key Words 


Essential Rules 


| Chapter Summary 


An equation expresses the equality of two mathematical expressions. A solution 
of an equation is a number that, when substituted for the variable, results in a 
true equation. To solve an equation means to find a solution of the equation. 


An inequality is an expression that contains the symboh>,<;=,0n=a ihe solu- 
tion set of an inequality is a set of numbers, each element of which, when substi- 
tuted for the variable, results in a true inequality. 


A compound inequality is formed by joining two inequalities with a connective 
word such as and or or. 


The absolute value of a number is its distance from zero on the number line. An 
equation that contains an absolute value symbol is an absolute value equation. 


Addition Property of Equations Ifa =.b,thena +c=b +c. 


Multiplication Property of Equations Ifa =bandc # 0, thenac = be. 


Addition Property of Inequalities Ifa =D, thema + ¢>b +c, 
Ifa<b,thena+c<bte. 


Multiplication Property of Inequalities Rule 1 
Ifa >bandc > 0, then ac > be. 
Ifa <bandc > 0, thenac < be. 
Rule 2 
Ifa > b andc < 0, then ac =< be. 
Ifa <bandc <0, thenac > be. 


Basic Percent Equation Percent - base = amount 
P-B=A 
Value Mixture Equation Amount - unit cost = value 
A°C=V 
Percent Mixture Equation Amount of —_ percent of quantity of 
solution concentration ~ substance 

Ast 30) 

Annual Simple Interest Equation Principal - ‘terest _ interest 
rate earned 

P-r=I 

Uniform Motion Equation Rate - time = distance 
r-t=ad 


To solve an absolute value inequality of the form |ax + b| < c, solve the 
equivalent compound inequality —c < ax + b <c. 


To solve an absolute value inequality of the form |ax + b| > c, solve the 
equivalent compound inequality ax + b < —c orax +b>c. 


Chapter Review 





1. Is 3 a solution of 5x — 2 = 4x + 5? 
3 
3. Solve: 52 aD 


5. Solve: 14x + 7x +°8 = -10 

feesolve: —6x% + 16 = —2x 

9. Solve: x + 5(3x — 20) = 10( — 4) 

11. Solve: 4 — 3@ + 2) < 2(2x + 3)-1 

Bomeocivess: 2 = x« — Alor iai=. Si 3x03 
15. Solve: |x — 4| — 8 = —3 


17. Solve: |4x — 5| = 3 


19. 5% of what is 8? 


10. 


12. 


14. 


16. 


18. 
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. Solve: x + 3 = 24 


. Solve: —4x — 2 = 10 


. Solves I 2y-— |= 3y +2 


. Solve; 6x + 3(2x — 1) = —27 


Solverox = [5 —2 

Solve: 37 — +and y= 2. > —1 
Solve: |3 — 5x| = 12 

Solve: ID —5|<3 


30 is what percent of 12? 


20. Translate “four less than the product of five and a number is sixteen” into an 


equation and solve. 


21. The sum of two numbers is twenty-one. Three times the smaller number is 
two less than twice the larger number. Translate into an equation. Then find 


the two numbers. 
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Das 


Zoe 


24. 


25. 


26. 


Zi. 


28. 


29. 


30. 


Si: 


32. 


33. 
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An airline knowingly overbooks certain flights by selling 18% more tickets 
than there are available seats. How many tickets would this airline sell for 
an airplane that has 150 seats? 


An auto manufacturer offers a rebate of $1000 on each car sold by a dealer- 
ship. A customer bought a car from the dealership for $16,500. What 
percent of the cost is the $1000 rebate? Round to the nearest tenth of a 
percent. 


A health food store combined cranberry juice that costs $1.79 per quart with 
apple juice that costs $1.19 per quart. How many quarts of each were used 
to make 10 qt of a cranapple juice mixture that costs $1.61 per quart? 


Find the cost per ounce of a sun screen made from 100 oz of a lotion that costs 
$2.50 per ounce and 50 oz of a lotion that costs $4.00 per ounce. 


A dairy mixed 5 gal of cream that is 30% butterfat with 8 gal of milk that is 
4% butterfat. What is the percent concentration of butterfat in the resulting 
mixture? 


An alloy containing 30% tin is mixed with an alloy containing 70% tin. 
How many pounds of each were used to make 500 lb of an alloy containing 
40% tin? 


An investment banker invested 45% of the bank’s available cash in an ac- 
count earning 8.5% annual simple interest. The remainder of the cash was 
placed in an account earning 10% annual simple interest. The interest 
earned in one year was $41,962.50. What was the total amount invested? 


A club treasurer deposited $2400 into two simple interest accounts. On one 
account the annual simple interest rate was 6.75%. The annual simple inter- 
est rate on the other account was 9.45%. How much was deposited in each 
account if both accounts earned the same amount of interest? 


A jet plane traveling at 600 mph overtakes a propeller-driven plane that had 
a 2-hour headstart. The propeller-driven plane is traveling at 200 mph. How 
far from the starting point does the jet overtake the propeller-driven plane? 


A bus traveled on a straight road for 2 h at an average speed that was 20 
mph faster than it traveled on a winding road. The time spent on the wind- 
ing road was 3 h. Find the average speed on the winding road if the total trip 
was 200 mi. 


An average score of 80 to 90 in a psychology class receives a B grade. A stu- 
dent has grades of 92, 66, 72, and 88 on four tests. Find the range of scores 
on the fifth test that will earn the student a B for the course. 


A doctor has prescribed 2 cc of medication for a patient. The tolerance is 
0.25 cc. Find the lower and upper limits of the amount of medication to be 
given. 





Chapter Test | 


1. Solve: 3x —-2=5x +8 


11. 


13. 


Ry 


n7. 


Solve: 3x — 5 = -14 


. Is —2 a solution of x? — 3x = 2x — 6? 


. What is 0.5% of 8? 


PESOlVes5% 45 — 11 = 2% — 5 


Solve: 3x — 2 = 6x +7 


Solve: 4x — 1>5o0r2 —-3x <8 


Solve: |3 — 5x| = 12 


Solve: |3x — 5| <4 


10. 


12: 


14. 


16. 


18. 


Chapter Test 


. Solve:x — 3 = —-8 


» Solve: 4— 203 = 2x) = 2(5 —x) 


. Solve: 7 — 4x = -13 


. Solve: 5x — 2(4x — 3) = 6x + 9 


3 
Solve: = —9 


Solve: 4 — 3(« + 2) < 2(2x + 3) - 1 


Solve: 4 — 3x = 7and2x +3=7 


Solve: 2 = |2x —5|=—7 


Solve: |4x« — 3| >5 
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19. 


20. 


Zk: 


22. 


23. 


24. 


25. 
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The sum of two integers is fifteen. Eight times the smaller integer is one less 
than three times the larger integer. Find the integers. 


A butcher combines 100 Ib of hamburger that costs $1.60 per pound with 
60 lb of hamburger that costs $3.20 per pound. Find the cost of the ham- 
burger mixture. 


How many gallons of water must be mixed with 5 gal of a 20% salt solution 
to make a 16% salt solution? 


A trust administrator divided $20,000 between two accounts. One account 
earns an annual simple interest rate of 3%, and the second account earns an 
annual simple interest rate of 7%. The total annual income from the two ac- 
counts is $1200. How much is invested in each account? 


A cross-country skier leaves a camp to explore a wilderness area. Two hours 
later a friend leaves the camp in a snowmobile, traveling 4 mph faster than 
the skier, and meets the skier 1 h later. Find the rate of the snowmobile. 


Gambelli Agency rents cars for $12.a day and 10¢ for every mile driven. Mc- 
Dougal Rental rents cars for $24 a day with unlimited mileage. How many 
miles a day can you drive a Gambelli Agency car if it is to cost you less than 
a McDougal Rental car? 


A machinist must make a bushing that has a tolerance of 0.002 in. The 
diameter of the bushing is 2.65 in. Find the lower and upper limits of the di- 
ameter of the bushing. 
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Cumulative Review 


A; 


11. 


13. 


15. 


17. 


Subtract: —6 — (—20) — 8 


Subtract: a — sue 
6 16 


2 3. 4 


2 
. Simplify: = — 5) rs © = ;| 
seoimaplity: 3x —8x + (—12x) 


. Simplify: (16x) :) 


Srmplity: —2(—x* = 3x + 2) 


Smnplity?—3l2x — 4a — 3)] + 2 


Grape (x|x <3) 0) {x|x > —2)} 


- -4-3-2-10123 45 


Solve: =n =—15 


N 


10. 


2: 


14. 


16. 


18. 


Multiply: (—2)(—6)(—4) 


3 
. Simplify: —4?- (-3) 


. Evaluate 3(a — c) — 2ab when a = 2, b = 3, 


andc = —4. 


7S Sp Mlys 20 (2) dO 


Simplify: —4(—9y) 


Simplify; —2@ — 3) +24 —~x) 


Find A M B given A = {-4, —2, 0, 2} and 
B = {-4, 0, 4, 8}. 


Is —3 a solution of x2 + 6x +9 =x + 3? 


Solve: 7x — 8 = —29 
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19. 


21. 


23. 


25. 


Zl. 


Zo: 


30. 


SLi 


32: 


33 
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Solve: 13 — 9x = —14 
Solve: 11 — 4x = 2x + 8 


Solve: 3 — 2(2x — 1) = 3Qx -— 2)+1 


Solve: |3 — 2x| = 5 


Write 55% as a fraction. 


25% of what number is 30? 


20. 


22. 


24. 


26. 


28. 


Solve:5x.— 8: = 1240+ 13 


Solve: 8x — 3(4x — 5) = -—2x - 11 


Solve: 3x +2=5andx+5=21 


Solve: |3x — 1] >5 


Write 1.03 as a percent. 


Translate “the sum of six times a number and thirteen is five less than the 
product of three and the number” into an equation and solve. 


How many pounds of an oat flour that costs $.80 per pound must be mixed 
with 40 lb of a wheat flour that costs me 50 per pound to make a blend that 


costs $.60 per pound? 


How many grams of pure gold must be added to 100 g of a 20% gold alloy to 


make an alloy that is 36% gold? 


A sprinter ran to the end of a track at an average rate of 8 m/s and then 
jogged back to the starting point at an average rate of 3 m/s. The sprinter 
took 55 s to run to the end of the track and jog back. Find the length of the 


track. 





Architects use geometric objects to design skyscrapers, 
homes, and shopping malls. By understanding the properties 
of these geometric objects, an architect can combine various 
geometric figures to create structures that are functional and 
attractive. For example, the architect |. M. Pei used a series 
of glass pyramids to create a new entrance to the Louvre in 
Paris, France. 





Geometry 





Objectives 


Section 3.1 
To solve problems involving lines and angles 


To solve problems involving angles formed by 
intersecting lines 


To solve problems involving the angles of a triangle 


Section 3.2 


To solve problems involving the perimeter of 
geometric figures 


To solve problems involving the area of 
geometric figures 


Section 3.3 
To solve problems involving the volume of a solid 
To solve problems involving the surface area of a solid 


Mobius Strips and 
Klein Bottles 
Some seometrie aa pes have very weal 


characteristics. Among these figures are Mobius strips 
and Klein bottles. 





A Mobius strip is formed 
by taking a long strip of 
paper and twisting it one- 
half turn. The resulting 
figure is called a “one- 


sided” surface. It is one- | a I 
you tried to paint the strip &B at 


_ in one continuous motion 
beginning at one spot, the — 
entire surface would be 
painted the same color, 
unlike a strip that has not 
been twisted. 


Another remarkable result 
of its being one-sided can 
be demonstrated by 
making a Mobius strip _ 
-and sealing the junction 
with tape. Now cut the 
strip by cutting along the 
center of the strip. Try 
this; you will be amazed at 
the result. 








. Asecond interesting surface is called a Klein bottle, 
which is a one-sided surface with no edges and no 
“inside” or “outside.” A Klein bottle is formed by pulling 
the small open end of a tapering tube through the side of — 
the tube and joining the ends of the small open end to. 

_the ends of the larger open end. 




















POINT OF INTEREST 


Geometry is one of the oldest 
branches of mathematics. 
Around 350 B.c., the Greek 
mathematician Euclid wrote 
the Elements, which contained 
all of the known concepts of 
geometry. Euclid’s contribution 
was to unify various concepts 
into a single deductive system 
that was based ona set of 
axioms. 





SSS 


Objective A_ To solve problems involving lines and angles ......2......+0:0s00+00+0004- (ae) 
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The word geometry comes from the Greek words for “earth” and “measure.” 
The original purpose of geometry was to measure land. Today geometry is 
used in many fields, such as physics, medicine, and geology, and is applied in 
such,areas as mechanical drawing and astronomy. Geometric forms are also 
used in art and design. 


Three basic concepts of geometry are the point, 
line, and plane. A point is symbolized by drawing 
a dot. A line is determined by two distinct points 
and extends indefinitely in both directions, as the 
arrows on the line shown at the right indicate. 
This line contains points A and B and is repre- 
sented by AB. A line can also be represented by a 
single letter, such as f. 


A ray starts at a point and extends indefinitely in 
one direction. The point at which a ray starts is 
called the endpoint of the ray. The ray shown at A B 
the right is denoted by AB. Point A is the endpoint 

of the ray. 


A line segment is part of a line and has two end- 
points. The line segment shown at the right is A B 
denoted by AB. 


The distance between the endpoints of AC is de- 
noted by AC. If B is a point on AC, then AC (the 
distance from A to C) is the sum of AB (the dis- 
tance from A to B) and BC (the distance from B 
1o.67: 


AC =AB+BC 


=> Given AB = 22 cm and AC = 31 cm, find BC. 


AC = AB + BC e Write an equation for the distances 
between points on the line segment. 
315=22 4+ BC e Substitute the given distances for 
AB and AC into the equation. 
9=BC e Solve for BC. 
BC =9cm 


In this section we will be discussing figures that 
lie in a plane. A plane is a flat surface and can be 
pictured as a table top or blackboard that extends 
in all directions. Figures that lie in a plane are 
called plane figures. 
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POINT OF INTEREST 


The first woman 
mathematician for whom 
documented evidence exists 
is Hypatia (370-415). She 

lived in Alexandria, Egypt, 

and lectured at the Museum, 
the forerunner of our modern 
university. She made important 
contributions in mathematics, 
astronomy, and philosophy. 


Lines in a plane can be intersecting or parallel. 
Intersecting lines cross at a point in the plane. 
Parallel lines never meet. The distance between 
them is always the same. 


The symbol || means “is parallel to.” In the figure 
at the right, ; || k and AB || CD. Note that j contains 
AB and k contains CD. Parallel lines contain par- 
allel line segments. 


An angle is formed by two rays with the same end- 
point. The vertex of the angle is the point at which 
the two rays meet. The rays are called the sides of 
the angle. 


If A and C are points on rays r, and r,, and B is the 
vertex, then the angle is called 7 B or 2 ABC, where 
Z is the symbol for angle. Note that either the 
angle is named by the vertex, or the vertex is the 
second point listed when the angle is named by 
giving three points. ZABC could also be called 
ZCBA. 


An angle can.also be named by a variable written 
between the rays close to the vertex. In the figure 
at the right, 2x = ZQRS and Zy= ZSRT. Note 
that in this figure, more than two rays meet at R. 
In this case, the vertex cannot be used to name an 
angle. 


An angle is measured in degrees. The symbol for 
degrees is a small raised circle, °. Probably be- 
cause early Babylonians believed that Earth re- 
volves around the sun in approximately 360 days, 
the angle formed by a circle has a measure of 360° 
(360 degrees). 


Inters« 
Lines 


$$$ —__—— ir 


GE D 
Side 
Vertex > 
Side 
ty 
A 
B 
GC ly 





360° 
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A protractor is used to measure an angle. Place the center of the protractor at 
the vertex of the angle with the edge of the protractor along a side of the angle. 
The angle shown in the figure below measure 58°. 





TAKE NOTE A 90° angle is called a right angle. The symbol 
represents a right angle. 


The corner of a page of this 90° 
book is a good example of a 
90° angle. 
Perpendicular lines are intersecting lines that form 
right angles. 
90° 90° 
90° 90° 


The symbol | means “is perpendicular to.” In 
the figure at the right, p | q and AB 1 CD. Note 
that line p contains AB and line q contains CD. 
Perpendicular lines contain perpendicular line 
segments. 





Complementary angles are two angles whose meas- 
ures have the sum 90°. 


Ae oBI—71 0 20° = 90° 


ZA and ZB are complementary angles. A B 


a 
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A 180° angle is called a straight angle. 180° 

Z AOB is a straight angle. A O B 

Supplementary angles are two angles whose meas- 130° 

ures have the sum 180°. 50° 
TA ABi= 130° + 50° = 180° A 


ZA and ZB are supplementary angles. 


An acute angle is an angle whose measure is between 0° and 90°. 7 B above is 
an acute angle. An obtuse angle is an angle whose measure is between 90° and 
180°. ZA above is an obtuse angle. 


Two angles that share a common side are adja- 
ent angles. In the figure at the right, 7 DAC and 
ZCAB are adjacent angles. ZDAC = 45° and 
LCABD Se 


Z DAB = ZDAC + ZCAB 
= 45° + 55° = 100° 





m= In the figure at the right, 2EDG = 80°. ZFDG is 
three times the measure of ZEDF. Find the = F 
measure of Z EDF. 


D G 
TAKE NOTE Let x = the measure of ZEDG. Then 3x = the ZEDF + ZFDG = ZEDG 
Angwers th application measure of ZFDG. Write an equation and x + 3x = 80 
problems must have units, solve for x, the measure of Z EDF. 4x = 80 
such as degrees, feet, x = 20 
dollars, or hours. 
a Desa 


Example 1 You Try It 1 
Given MN = 15 mm, NO = 18 mm, and Given QR = 24 cm, ST = 17 cm, and 
MP = 48 mm, find OP. QT = 62 cm, find RS. 


<= 


i ONMAERS SAT 


Solution Your solution 
MN + NO + OP = MP 
15+ 18+ OP = 48 
33 + OP = 48 
OP = 15 
OP = 15mm 


Solution on p. S8 





Example 2 
Given XY = 9 m and YZ is twice XY, find 


Solution 

XZ =XY + YZ 
XZ = XY + 2(XxY) 
XZ =9 + 2(9) 
XZ=9+ 18 

XZ =27 


a 2 m1 


Example 3 
Find the complement of a 38° angle. 


Strategy 

Complementary angles are two angles 
whose sum is 90°. To find the 
complement, let x represent the 
complement of a 38° angle. Write an 
equation and solve for x. 


Solution 
Oma Oe 
oe 


The complement of a 38° angle is a 52° 
angle. 


Example 4 
Find the measure of Z x. 


Strategy 

To find the measure of 2x, write an 
equation using the fact that the sum of 
the measure of 7.x and 47° is 90°. Solve 
Tor ZX: 


Solution 
Lex 47? = 90° 
VEX — TA 


The measure of 2x is 43°. 
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You Try It 2 1 
Given BC = 16 ft and AB = , (BC), find 
AC. 


<~—_e—_e—_—___—__e-— > / 
A B Cc 


Your solution 


You Try It 3 
Find the supplement of a 129° angle. 


Your strategy 


Your solution 


You Try It 4 
Find the measure of Za. 


Your strategy 


Your solution 


Solutions on p. S& | 
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Objective B_ To solve problems involving angles formed by 


POINT OF INTEREST 


Many cities in the New World, 
unlike those in Europe, were 
designed using rectangular 
street grids. Washington, D.C., 
was planned that way except 
that diagonal avenues were 
added, primarily for the 
purpose of enabling quick troop 
movement in the event the city 
required defense. As an added 
precaution, monuments of 
statuary were constructed at 
major intersections so that 
attackers would not have a 
straight shot down a boulevard. 


Lt 
INCEVSECTING HIMES .....cc0ccesccecccenccenscennennnesnesennenee eens eTeee EEA EEA TATTLE TEE TE ETE 


Four angles are formed by the intersection of two lines. If the two lines are per- 
pendicular, each of the four angles is a right angle. If the two lines are not per- 
pendicular, then two of the angles formed are acute angles and two of the angles 
are obtuse angles. The two acute angles are always opposite each other, and the 


two obtuse angles are always opposite each other. 


In the figure at the right, 2w and Zy are 
acute angles. 7x and Zz are obtuse angles. 


Two angles that are on opposite sides of the 
intersection of two lines are called vertical 
angles. Vertical angles have the same meas- 
ure. Zw and Zy are vertical angles. 2x and 
Zz are vertical angles. 


Two angles that share a common side are 
called adjacent angles. For the figure 
shown above, 2x and Zy are adjacent an- 
gles, as are Zy and Zz, Zz and Zw, and 
Zw and 2x. Adjacent angles of intersecting 
lines are supplementary angles. 


=> Given that Zc = 65°, find the measures 
of angles a, b, and d. 


Za = 65° 
vertical angles. 


Lb + Ze= 180° 
Zb + 65° = 180° 
Zo 


lI 


PTS? intersecting lines. 


Ld =A15° 
vertical angles. 





Vertical angles have the same 
measure. 


aN aay 
LX ae 


Adjacent angles of intersect- 
ing lines are supplementary 
angles. 


LLY SO. 
Zy + Zz = 180° 
LZ t+ LW — 180° 


JEW a> 56 = NOY 


e Za= Zc because Zaand Z care 


e Z bis supplementary to Z c because 
Zband Z care adjacent angles of 


® Zd= Zbbecause Zdand Z bare 
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A line that intersects two other lines at dif- 
ferent points is called a transversal. 


If the lines cut by a transversal ¢ are parallel 
lines and the transversal is perpendicular to 
the parallel lines, all eight angles formed are 
right angles. 


If the lines cut by a transversal t are paral- 
lel lines and the transversal is not perpen- 
dicular to the parallel lines, all four acute 
angles have the same measure and all four 
obtuse angles have the same measure. For 
the figure at the right, 


Lp Fy es a Te 
LGe le ss W = 7 vy 


Alternate interior angles are two angles 
that are on opposite sides of the transversal 
and lie between the parallel lines. In the fig- 
ure above, Zc and Zw are alternate interior 
angles; 2d and Zx are alternate interior 
angles. Alternate interior angles have the 
same measure. 


Alternate exterior angles are two angles 
that are on opposite sides of the transver- 
sal and lie outside the parallel lines. In the 
figure above, Za and Zy are alternate ex- 
terior angles; 2b and Zz are alternate ex- 
terior angles. Alternate exterior angles 
have the same measure. 


Corresponding angles are two angles 
that are on the same side of the transversal 
and are both acute angles or are both ob- 
tuse angles. For the figure above, the fol- 
lowing pairs of angles are corresponding 
angles: Za and Zw, 2d and Zz, 2b and 
Zx,and Zc and Zy. Corresponding angles 
have the same measure. 


Transversal 





Alternate interior angles 
have the same measure. 
ZC= Zw 
Lda aX 


Alternate exterior angles 

have the same measure. 
ae) 
aaa 


Corresponding angles have 
the same measure. 


Za= Zw 
SSL 
Lb=Lx 
ie One aA, 
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=> Given that ¢,||¢, and Zc = 58°, 
find the measures of Zf, Zh, and Zg. 





Lf = Zc = 58° e Zcand Zfare alternate interior angles. 
Lh = Le = 58° e¢ Zcand Zhare corresponding angles. 
Lg + Lh = 180° e Zgis supplementary to ZA. 
Lg 458" = 180° 

Lg = 122° 


Example 5 You Try It 5 
Find x. Find x. 


Strategy Your strategy 
The angles labeled are adjacent angles of 

intersecting lines and are, therefore, 

supplementary angles. To find x, write an 

equation and solve for x. 


Solution Your solution 
x + (« + 30°) = 180° 
2x + 30° = 180° 
2x = 150° 
x = 75° 


Example 6 You Try It 6 


Given ¢, || €,, find x. Given €, || €,, find x. 


Strategy Your strategy 
2x = y because alternate exterior angles 

have the same measure. 

(x + 15°) + y = 180° because adjacent 

angles of intersecting lines are 

supplementary angles. Substitute 2x for y 

and solve for x. 


Solution Your solution 
(eo 15°) + 2x = 180° 
Bx 15° = 180° 
3x = 165° 
x = 55° 
Solutions on p. S8 
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ObjectivéC To solve problems involving the angles of a triangle................... ¢@)| 


If the lines cut by a transversal are not par- : 

allel lines, the three lines will intersect at 

three points. In the figure at the right, the 

transversal ¢ intersects lines p and g. The p 
three lines intersect at points A, B, and C. C 

These three points define three line seg- A q 
ments: AB, BC, and AC. The plane figure 


formed by these three line segments is 
called a triangle. 


Each of the three points of intersection is 
the vertex of four angles. The angles within 
the region enclosed by the triangle are 
called interior angles. In the figure at the 
right, angles a, b, and c are interior angles. 
The sum of the measures of the interior 
angles of a triangle is 180°. 





Za+Zb+ Zc = 180° 


The Sum of the Measures of the 
Interior Angles of a Triangle 


The sum of the measures of the interior 
angles of a triangle is 180°. 





An angle adjacent to an interior angle is an 


exterior angle. In the figure at the right, S 


angles m and n are exterior angles for angle Se 
a. The sum of the measures of an interior Fe 


and an exterior angle is 180°. 


Za+ Zm = 180° 
Za+Zn =180° 


= Given the Zc = 40° and Zd = 100°, 
find the measure of Ze. 


Zdand Zb are supplementary angles. 


Zad+Zb = 180° 
100° + Zb = 180° 
Zb = 80° 


The sum of the interior angles is 180°. 





Zco+2Zb+ Za = 180° 
40° + 80° + Za = 180° 
120° + Za = 180° 

Za = 60° 


Zaand Ze are vertical angles. 


Ze=Za= 60° 
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Example 7 You Try It 7 
Given that Zy = 55°, find the measures of Given that Za = 45° and Zx = 100°, find 
angles a, b, and d. the measures of angles b, c, and y. 








Strategy Your strategy 
To find the measure of angle a, use the 
fact that Za and Zy are vertical angles. 
To find the measure of angle b, use the 
fact that the sum of the measures of 
the interior angles of a triangle is 180°. 
To find the measure of angle d, use the 
fact that the sum of an interior and an 
exterior angle is 180°. 


Solution Your solution 
La = (Ly = 55° 


Le 2 +90 = 180" 
oS 2D 90 = 180" 
Zb + 145° = 180° 

Zb = 35° 


aA ap = \30- 
2d +8) =1180- 
Zd = 145° 


Example 8 You Try It 8 

Two angles of a triangle measure 53° and One angle in a triangle is a right angle, 

78°. Find the measure of the third angle. and one angle measures 34°. Find the 
measure of the third angle. 


Strategy Your strategy 
To find the measure of the third angle, 

use the fact that the sum of the measures 

of the interior angles of a triangle is 180°. 

Write an equation using x to represent 

the measure of the third angle. Solve the 

equation for x. 


Solution Your solution 
x + 53° + 78° = 180° 
Calo — 130) 
x = 49° 


The measure of the third angle is 49°. 


Solutions on pp. S8-S9 
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3.1 Exercises 


Objective A 


Use a protractor to measure the angle. State whether the angle is acute, obtuse, or right. 
1. ; 2: f cha 
4. \ 5. 6. a 

Solve. 

7. Find the complement of a 62° angle. 
8. Find the complement of a 31° angle. 


9. Find the supplement of a 162° angle. 


10. Find the supplement of a 72° angle. 


1f. Given AB = 12 cm, CD = 9 cm, and AD = 35 cm, find a 9) inmn Meacme yen 
the length of BC. 

12. Given AB = 21 mm, BC = 14 mm, and AD = 54 mm, en ee ae ee 
find the length of CD. 

13. Given QR = 7 ft and RS is three times the length of QR, eo ec eee or G 
find the length of QS. 

14. Given OR = 15 in. and RS is twice the length of QR, oe aes / 
find the length of QS. 

1 , 
15. Given EF = 20 mand FG is 5 the length of EF, find the eae ee G 


length of EG. 
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1 
16. Given EF = 18 cm and FG is ; the length of EF, find the length of EG. “steloiend f.6. mee 


17. Given ZLOM = 53° and ZLON = 139°, find the measure of 2 MON. 





M 
B 
N 
O 
18. Given ZMON = 38° and ZLON = 85°, find the measure of 2LOM. 
ie 
M 
O N 
Find the measure of 2x. 
19. 20. 
Les 
>{i4"| 
Given that ZLON is a right angle, find the measure of 2x. 
24. 


21. 22. 23. 
I; ig 
M 
- 4x M 
x x 
O N 


Find the measure of Za. 





PAY. 26. 





Find x. ae 
29. 
4x 
3K 2x 
> 
31. 





33. 


Solve. 


35. Given Za = 51°, find the measure of 2b. 


36. Given Za = 38°, find the measure of 2b. 





Objective B 
Find the measure of 2x. 


37. 


30. 


Zs 
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x + 36° 
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Find x. 





39. j 40. m 


5x 3x + 22° 


UK 4x + 36° 


Given that @, || ¢,, find the measures of angles a and b. 








41. 42. 
43. t 44, 
47° a 
L 
a 4 e, 
Given that ¢, || €,, find x. 
45. 46. t 








Objective C 







Solve. 






49. Given that Za = 95° and Zb = 70°, find the measures of 
angles x and y. 
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50. Given that-z#= 35° and 2b = 55°, find the measures of 
angles x and y. 





51. Given that Zy = 45°, find the measures of angles a and b. 


- 


52. Given that Zy = 130°, find the measures of angles a and b. 


53. Given that AO 1 OB, express in terms of x the number 
of degrees in 2 BOC. 


54. Given that AO 1 OB, express in terms of x the number of 
degrees in ZAOC. 





55. One angle in a triangle is a right angle, and one angle is equal to 30°. 
What is the measure of the third angle? 
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56. A triangle has a 45° angle and a right angle. Find the measure of the 
third angle. 


57. Two angles of a triangle measure 42° and 103°. Find the measure of the 
third angle. 


58. Two angles of a triangle measure 62° and 45°. Find the measure of the 
third angle. 


59. A triangle has a 13° angle and a 65° angle. What is the measure of the 
third angle? : 


60. A triangle has a 105° angle and a 32° angle. What is the measure of the 
third angle? 


APPLYING THE CONCEPTS 


61. a. What is the smallest possible whole number of degrees in an angle 
of a triangle? 
b. What is the largest possible whole number of degrees in an angle of 
a triangle? 


62. Cut out a triangle and then tear off two of the angles, as shown at the 
right. Position the pieces you tore off so that angle a is adjacent to 
angle b and angle c is adjacent to angle b (on the other side). Describe 
what you observe. What does this demonstrate? 


63. Construct a triangle with the given angle measures. 
a. 45°, 45°, and 90° 
b. 30°, 60°, and 90° 
c. 40°, 40°, and 100° 


64. Determine whether the statement is always true, sometimes true, or 


never true. 
a. Two lines that are parallel to a third line are parallel to each 
other. 


b. A triangle contains two acute angles. 
c. Vertical angles are complementary angles. 


65. For the figure at the right, find the sum of the measures 
of angles x, y, and z. 


66. For the figure at the right, explain why Za + Zb = Zx. 

A Write a rule that describes the relationship between an 
exterior angle of a triangle and the opposite interior 
angles. Use the rule to write an equation involving angles 
a;.6-andZ. 


67. If AB and CD intersect at point O, and ZAOC = ZBOC, 
Y explain why AB 1 CD. 


68. Do some research on the principle of reflection. Explain 
A how this principle applies to the operation of a periscope 
and to the game of billiards. 











Objective A 


POINT OF INTEREST 






though a polygon is defined 
in terms of its sides (see the 
‘definition above), the word 
actually comes from the Latin 
vord polygonum, which 







his is certainly the case for 
-apolygon. 


eans “having many angles.” 
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To solve problems involving the perimeter of 
GeOMEMIIC FIQFUIFES.........00c.cccccesseeeseeennenees eked teiseuae aioe: eae (2h) 


A polygon is a closed figure determined by three or more line segments that 
lie in a plane. The line segments that form the polygon are called its sides. The 
figures below are examples of polygons. 


Per \ 


A regular polygon is one in which each side has the same length and each 
angle has the same measure. The polygons in Figures A, C, and D above are 
regular polygons. 


The name of a polygon is based on the number of its sides. The table below lists 
the names of polygons that have from 3 to 10 sides. 





Triangles and quadrilaterals are two of the most common types of polygons. Tri- 
angles are distinguished by the number of equal sides and also by the measures 
of their angles. 


A B A B A B 


A scalene triangle has 
no two sides of equal 
length. No two angles 
are of equal measure. 


The three sides of an 
equilateral triangle 
are of equal length. 
The three angles are 
of equal measure. 


An isosceles triangle has 
two sides of equal length. 
The angles opposite the 
equal sides are of equal 


measure. 
AC = BC AB = BC = AC 
JAB ZA = ZB = ZC 
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e C A 
B 

A B RA B G 

An acute triangle has An obtuse triangle has A right triangle has 

three acute angles. one obtuse angle. a right angle. 
TAKE NOTE 
The diagram below shows the fj ay ; ies 
relationships among all Quadrilaterals are also distinguished by their sides and angles, as shown be- 
quadrilaterals. The description low. Note that a rectangle, a square, and a rhombus are different forms of a 
of each quadrilateral is within parallelogram. 
an example of that 
quadrilateral. 

Parallelogram Rectangle Square 






Opposite sides parallel 
Opposite sides equal in length 





Opposite sides parallel 
All sides equal in 
length 


Opposite sides parallel 
Opposite sides equal in length 
Opposite angles equal in measure 






All angles measure 90° 
Diagonals equal in length 





All angles measure 90° 
Diagonals equal 


Quadrilateral Rhombus in length 






Opposite sides parallel 
All sides equal in length 
Opposite angles equal 
in measure 


Four-sided polygon 







Trapezoid Isosceles Trapezoid 





Two sides parallel 









Nonparallel sides equal 
in length 


Two sides parallel 





The perimeter of a plane geometric figure is a measure of the distance around 
the figure. Perimeter is used in buying fencing for a lawn or determining how 
much baseboard is needed for a room. 


The perimeter of a triangle is the sum of the length of the three sides. 


Perimeter of a Triangle 


Let a, b, and c be the lengths of the sides y b 


of a triangle. The perimeter, P, of the 
triangle is given by P=a+b+c. 





P=a+b+e 
=» Find the perimeter of the triangle shown Tt 
at the right. 5 ft 
P= 5 37 tO 
10 ft 


The perimeter is 22 ft. 


POINT OF INTEREST 


Leonardo DaVinci painted the 
Mona Lisa on a rectangular 
canvas whose height was 
approximately 1.6 times its 
width. Rectangles with these 
proportions, called golden 
rectangles, were used 
extensively in Renaissance 
art. 
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~The perimeter of a quadrilateral is the sum of the lengths of its four sides. 


A rectangle is a quadrilateral with opposite L 

sides of equal length. Usually the length, L, of 

a rectangle refers to the length of one of the Ww Ww 
longer sides of the rectangle, and the width, 

W, refers to the length of one of the shorter L 

sides. The perimeter can then be represented PS WW 


PaabeW aL + W. 


The formula for the perimeter of a rectangle is P=2L 4+ 2W 
derived by combining like terms. 


Perimeter of a Rectangle 


Let L represent the length and W the width of a rectangle. The 


perimeter, P, of the rectangle is given by P= 2L + 2W. 





=> Find the perimeter of the rectangle shown at the right. 
P=2L+ 2W 


P= 2(5) +)2@) © The length is 5 m. Substitute 5 for L. 
The width is 2 m. Substitute 2 for W. 
P=10+4 ® Solve for P 


P= 14 


5m 


The perimeter is 14 m. 


A square is a rectangle in which each side has 
the same length. Let s represent the length of e 
each side of a square. Then the perimeter of a 


square can be represented P=s+s+s+s5. s 
TSS TS atts 


The formula for the perimeter of a square is P=4s 
derived by combining like terms. 


Perimeter of a Square 


Let s represent the length of a side of a square. The perimeter, P, of 


the square is given by P= 4s. 





= Find the perimeter of the square shown at the right. 
P = 4s = 4(8) = 32 


The perimeter is 32 in. 
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POINT OF INTEREST 


Archimedes (c. 287-212 B.c.) 
was the mathematician who 
gave us the approximate 
2 1 
value of 7 as a 35. He 
actually showed that 7 was 
10 1 

between 35, and 35 . The 
approximation oy is closer to 


the exact value of 7, but it is 
more difficult to use. 


CALCULATOR NOTE 


The zr key on your 
calculator can be used to 
find decimal approximations to 
formulas that contain zr. To 
perform the calculation at the 


right, enter 6 Ba. 





A circle is a plane figure in which all points are the 
same distance from point O, which is called the cen- 
ter of the circle. 


The diameter of a circle is a line segment across the 
circle through point O. AB is a diameter of the circle at 
the right. The variable d is used to designate the diam- 
eter of a circle. 


The radius of a circle is a line segment from the cen- 
ter of the circle to a point on the circle. OC is a radius 
of the circle at the right. The variable r is used to des- 
ignate a radius of a circle. 


The length of the diameter is twice the length of the 
radius. 


The distance around a circle is called the circumfer- 
ence. The circumference, C, of a circle is equal to the 
product of z (pi) and the diameter. 


Because d = 2r, the formula for the circumference can 
be written in terms of r. 


The Circumference of a Circle 


The circumference, C, of a circle with diameter d and radius ris 


given by C= awdor C= 2zr. 


1 
d rorr 5 


(C= DLinir 





The formula for circumference uses the number 7, 
which is an irrational number. The value of 7 can be 
approximated by a fraction or by a decimal. 


22 
T= OL = 314 


The a key on a scientific calculator gives a closer approximation of 7 than 
3.14. Use a scientific calculator to find approximate values in calculations in- 


volving 7. 


=> Find the circumference of a circle with a diameter of 6 in. 


C=nd ¢ The diameter of the circle is given. 

C=4H6) Use the circumference formula that 
involves the diameter. d= 6. 

C= 677 © The exact circumference of the circle 
is 677 in. 

C ~ 18.85 © An approximate measure is found by 


using the zr key on a calculator. 


The circumference is approximately 18.85 in. 


i 


Example 1 

A carpenter is designing a square patio 
with a perimeter of 44 ft. What is the 
length of each side? 


Strategy 
To find the length of each side, use the 
formula for the perimeter of a square. 
Substitute 44 for P and solve for s. 


Solution 
P=4s 

44 =4s 
ll=s 


The length of each side of the patio is 
Ut ft. 


Example 2 

The dimensions of a triangular sail are 
18 ft, 11 ft, and 15 ft. What is the 
perimeter of the sail? 


Strategy 

To find the perimeter, use the formula 
for the perimeter of a triangle. Substitute 
18 fora, 11 for b, and 15 for c. Solve 

for P: 


Solution 
P=at+bte 
Pot aS 
P=44 


The perimeter of the sail is 44 ft. 


Example 3 

Find the circumference of a circle with a 
radius of 15 cm. Round to the nearest 
hundredth. 


Strategy 

To find the circumference, use the 
circumference formula that involves the 
radius. An approximation is asked for; 
use the 7 key on a calculator. r = 15. 


Solution 
C = 2ar = 27(15) = 307 ~'94:25 


The circumference is 94.25 cm. 
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You Try It 1 

The infield for a softball field is a square 
with each side of length 60 ft. Find the 
perimeter of the infield. 


Your strategy 


Your solution 


You Try It 2 
What is the perimeter of a standard piece of 


1 
typing paper that measures 85 in. by 11 in.? 


Your strategy 


Your solution 


You Try It 3 
Find the circumference of a circle with a 
diameter of 9 in. Give the exact measure. 


Your strategy 


Your solution 





Solutions on p. S9 
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Objective B_ To solve problems involving the area of geometric figures ........ ¢@)| 


POINT OF INTEREST 


Polygonal numbers are whole 


numbers that can be 
represented as regular 
geometric figures. For 


example, a square number is 
one that can be represented as 


a square array. 


0 00 0 
00 0 
0 


ooo 
ooo 
ooo°o 
oooo 


s Smoo0o 


1 4 9 


The square numbers are 1, 
16, 25,... They can be 


1 


represented ass. 2-,05 4 


Bis 


oooo 


9; 


Area is the amount of surface in a region. Area can be used to describe the 
size of a rug, a parking lot, a farm, or a national park. Area is measured in 
square units. 


A square that measures 1 in. on each side has 
an area of 1 square inch, written 1 in’. 


: 1 in2 
A square that measures 1 cm on each side has 
an area of 1 square centimeter, written 1 cm”. 


Larger areas can be measured in square feet (ft?), square meters (m7), square 
miles (mi?), acres (43,560 ft”), or any other square unit. 


The area of a geometric figure is the number of squares that are necessary to 
cover the figure. In the figures below, two rectangles have been drawn and 
covered with squares. In the figure on the left, 12 squares, each of area 1 cm?, 
were used to cover the rectangle. The area of the rectangle is 12 cm?. In the fig- 
ure on the right, 6 squares, each of area 1 in’, were used to cover the rectangle. 
The area of the rectangle is 6 in?. 


The area of the rectangle 
is 12 cm2. 


The area of the rectangle is 6 in?. 


Note from the above figures that the area of a rectangle can be found by multi- 
plying the length of the rectangle by its width. 


Area of a Rectangle 


Let L represent the length and W the width of a rectangle. The area, 


A, of the rectangle is given by A = LW. 





=» Find the area of the rectangle shown at the right. 
A=IW = 11@) =77 


The area is 77 m2. 
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_»*~ A square is a rectangle in which all sides are the same length. Therefore, 


both the length and the width of a square can be represented by s, and 
A=LW=s:s=s?, 


Area of a Square oi fl s 
Let s represent the length of a side of a ie 
2 


square. The area, A, of the square is given Z 
by A= Ss 2 A= SSS 





=> Find the area of the square shown at the 
right. 


A = 52 29? =8 1 


The area is 81 mi?. 


Figure ABCD is a parallelogram. BC is the base, A 


b, of the parallelogram. AE, perpendicular to the 
base, is the height, /, of the parallelogram. 
B 


9 mi 
D 
E G 
(= 


Any side of a parallelogram can be designated as the base. The corresponding 
height is found by drawing a line segment perpendicular to the base from the 
opposite side. 


A rectangle can be formed from a parallelogram by cutting a right triangle from 
one end of the parallelogram and attaching it to the other end. The area of the 
resulting rectangle will equal the area of the original parallelogram. 


Area of a Parallelogram 


Let b represent the length of the base and fh the height of a 
parallelogram. The area, A, of the parallelogram is given by A = bh. 





=> Find the area of the parallelogram shown 
at the right. 


A=bh=12+6=72 


The area is 72 m?. 
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Figure ABC is a triangle. AB is the base, b, 
of the triangle. CD, perpendicular to the 
base, is the height, h, of the triangle. 


Any side of a triangle can be designated 
as the base. The corresponding height, is 
found by drawing a line segment perpen- 
dicular to the base from the vertex oppo- 
site the base. 


Consider the triangle with base b and 
height 4 shown at the right. By extending a 
line from C parallel to the base AB and 
equal in length to the base, and extending 
a line from B parallel to AC and equal in 
length to AC, a parallelogram is formed. 
The area of the parallelogram is bh and is 
twice the area of the triangle. Therefore, 
the area of the triangle is one-half the area 


of the parallelogram, or ; bh. 


Area of a Triangle 





Let b represent the length of the base and A the height of a triangle. 


1 
The area, A, of the triangle is given by A = g bh. 





=> Find the area of a triangle with a base of 
18 cm and a height of 6 cm. 


1 1 
A=~=bh==-18-6=54 
5 a ene 


The area is 54 cm?. 


Figure ABCD is a trapezoid. AB is one 
base, b,, of the trapezoid, and CD is the 
other base, b,. AE, perpendicular to the 
two bases, is the height, h. 


In the trapezoid at the right, the line seg- 
ment BD divides the trapezoid into two tri- 
angles, ABD and BCD. In triangle ABD, b, 
is the base and h is the height. In triangle 
BCD, b, is the base and h is the height. The 
area of the trapezoid is the sum of the 
areas of the two triangles. 


18 cm 


D b5 


Area of trapezoid ABCD = area of triangle ABD + area of triangle BCD 


1 1 1 
= 5b,h + Soh = Shh, + by) 


POINT OF INTEREST 
Ancient Egyptians gave the 
formula for the area of a 

= 2 

circle as (j i . Does this 


formula give an area that is 
less than or greater than the 
correct formula? 


CALCULATOR NOTE 


| To approximate 367 on 
SJ your calculator, enter 


silt 
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Area of a Trapezoid 


Let b, and b, represent the lengths of the bases and A the height of 
a trapezoid. The area, A, of the trapezoid is given by 


1 
A= shlb, + by) 





= Find the area of a trapezoid that has bases 15 in. 
measuring 15 in. and 5 in. and a height of 
8 in. 
1 ° 
= 5 h(b, + b,) ae 


1 
= 5° 8(15 + 5) = 4(20) = 80 


The area is 80 in?. 


The area of a circle is equal to the product of 7 
and the square of the radius. 


Ale Tor 


Area of a Circle 


The area, A, of a circle with radius ris given by A = zr’. 





m> Find the area of a circle that has a 
radius of 67 cm. 


A= ar © Use the formula for the area of a 

A= a6)? circle. r=6 

A = 7(36) 

A = 367 © The exact area of the circle is 3677 cm’. 
A = 113.10 ¢ An approximate measure is found 


by using the 7 key on a calculator. 


The approximate area of the circle is 113.10 cm’. 


For your reference, all of the formulas for the perimeters and areas of the 
geometric figures presented in this section are listed in the Chapter Summary 


~ Jocated at the end of this chapter. 


~~ 
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Example 4 

The Parks and Recreation Department of 
a city plans to plant grass seed ina 
playground that has the shape of a 
trapezoid, as shown below. Each bag of 
grass seed will seed 1500 ft?. How many 
bags of grass seed should the department 
purchase? 


1A Sekt 


Strategy 

To find the number of bags to be 

purchased: 
Use the formula for the area of a 
trapezoid to find the area of the 
playground. 

» Divide the area of the playground by 
the area one bag will seed (1500). 


Solution 


1 
A= Fh(b, + b,) 


1 
A a 80 “palates 


A = 6240 © The area of the playground 


is 6240 ft”. 
6240 + 1500 = 4.16 


Because a portion of a fifth bag is needed, 
5 bags of grass seed should be purchased. 


Example 5 
Find the area of a circle with a diameter 
of 5 ft. Give the exact measure. 


Strategy 

To find the area: 

» Find the radius of the circle. 
Use the formula for the area of a circle. 
Leave the answer in terms of 7. 


Solution 
1 1 
— 54 = 3) = 25) 
A aia) — Or ot 


The area of the circle is 6.257 ft?. 


You Try It 4 

An interior designer decides to wallpaper 
two walls of a room. Each roll of wallpaper 
will cover 30 ft?. Each wall measures 8 ft 
by 12 ft. How many rolls of wallpaper 
should be purchased? 


Your strategy 


Your solution 


You Try It 5 
Find the area of a circle with a radius of 
11 cm. Round to the nearest hundredth. 


Your strategy 


Your solution 


Solutions on p. S9 
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3.2 Exercises _ 





Objective A 
Name each polygon. 


1. ize 3. 


Classify the triangle as isosceles, equilateral, or scalene. 


md OM 
BRON 
ay 


Classify the triangle as acute, obtuse, or right. 


9. 10. 11. 


Find the perimeter of the figure. 


13. 14. 15. 
7cm 3.5 ft 
24 in. 


11 cm By nt 





16. 9m ize 18. 
25 in. 
12m 8m 13 mi 


10.5 mi 
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Find the circumference of the figure. Give both the exact value and an 
approximation to the nearest hundredth. 


19. 20. ie 21. 
DS: Ce) 24. 


Solve. 


25. The lengths of the three sides of a triangle are 3.8 cm, 5.2 cm, and 8.4 
cm. Find the perimeter of the triangle. 


26. The lengths of the three sides of a triangle are 7.5 m, 6.1 m, and 4.9 m. 
Find the perimeter of the triangle. 


27. The length of each of two sides of an isosceles triangle is 25 cm. The 


third side measures 3 cm. Find the perimeter of the triangle. 


28. The length of each side of an equilateral triangle is 45 in. Find the 


perimeter of the triangle. 


29. Arectangle has a length of 8.5 m and a width of 3.5 m. Find the perime- 
ter of the rectangle. 


30. Find the perimeter of a rectangle that has a length of 55 ft and a width 
of 4 ft. 


31. The length of each side of a square is 12.2 cm. Find the perimeter of the 
square. 


32. Find the perimeter of a square that measures 0.5 m on each side. 


33. Find the perimeter of a regular pentagon that measures 3.5 in. on each 
side. 





34. 


35. 


36. 


Si: 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 
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What is the.perimeter of a regular hexagon that measures 8.5 cm on 
each side? 


The radius of a circle is 4.2 cm. Find the length of a diameter of the 
circle. 


The diameter of a circle is 0.56 m. Find the length of a radius of the 
circle. 


Find the circumferenee of a circle that has a diameter of 1.5 in. Give 
the exact value. 


The diameter of a circle is 4.2 ft. Find the circumference of the circle. 
Round to the nearest hundredth. 


The radius of a circle is 36 cm. Find the circumference of the circle. 
Round to the nearest hundredth. 


Find the circumference of a circle that has a radius of 2.5 m. Give the 
exact value. 


How many feet of fencing should be purchased for a rectangular gar- 
den that is 18 ft long and 12 ft wide? 


How many meters of binding are required to bind the edge of a rec- 
tangular quilt that measures 3.5 m by 8.5 m? 


Wall-to-wall carpeting is installed in a room that is 12 ft long and 
10 ft wide. The edges of the carpet are nailed to the floor. Along how 
many feet must the carpet be nailed down? 


The length of a rectangular park is 55 yd. The width is 47 yd. How 
many yards of fencing are needed to surround the park? 


The perimeter of a rectangular playground is 440 ft. If the width is 
100 ft, what is the length of the playground? 


A rectangular vegetable garden has a perimeter of 64 ft. The length of 
the garden is 20 ft. What is the width of the garden? 


Each of two sides of a triangular banner measures 18 in. If the 
perimeter of the banner is 46 in., what is the length of the third side 
of the banner? 


The perimeter of an equilateral triangle is 13.2 cm. What is the 
length of each side of the triangle? 
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100 ft 
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49. The perimeter of a square picture frame is 48 in. Find the length of 
each side of the frame. 


50. A square rug has a perimeter of 32 ft. Find the length of each edge 
of the rug. 


51. The circumference of a circle is 8 cm. Find the length of a diameter of 
the circle. Round to the nearest hundredth. 


52. The circumference of a circle is 15 in. Find the length of a radius of 
the circle. Round to the nearest hundredth. 


53. Find the length of molding needed to put around a circular table that 
is 4.2 ft in diameter. Round to the nearest hundredth. 


54. How much binding is needed to bind the edge of a circular rug that is 
3 m in diameter? Round to the nearest hundredth. 


55. A bicycle tire has a diameter of 24 in. How many feet does the bicycle 
travel when the wheel makes eight revolutions? Round to the nearest 
hundredth. 





56. A tricycle tire has a diameter of 12 in. How many feet does the tri- 
cycle travel when the wheel makes twelve revolutions? Round to the 
nearest hundredth. 


57. The distance from the surface of Earth to its center is 6356 km. What 
is the circumference of Earth? Round to the nearest hundredth. 





58. Bias binding is to be sewed around the edge of a rectangular table- 
cloth measuring 72 in. by 45 in. If the bias binding comes in packages 
containing 15 ft of binding, how many packages of bias binding are 
needed for the tablecloth? 





Objective B 


Find the area of the figure. 


59. 60. 6l. 
Sat 
4,5 in. 
12 ft 
8m 


4.5 in. 





62. 
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63. 64. 12 cm 
| 
| 
| 


fn 


26 ft 


42 ft 





20 in. 


16 cm 


Find the area of the figure. Give both the exact value and an approxima- 
tion to the nearest hundredth. 


65. 


7 . 


68. a 69. 70. 


Solve. 

71. The length of a side of a square is 12.5 cm. Find the area of the square. 

72. Each side of a square measures 35 in. Find the area of the square. 

73. The length of a rectangle is 38 in., and the width is 15 in. Find the 
area of the rectangle. 

74. Find the area of a rectangle that has a length of 6.5 m and a width of 
3.8 m. 

75. The length of the base of a parallelogram is 16 in., and the height is 
12 in. Find the area of the parallelogram. 

76. The height of a parallelogram is 3.4 m, and the length of the base is 


5.2 m. Find the area of the parallelogram. 
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77. The length of the base of a triangle is 6 ft. The height is 4.5 ft. Find the 
area of the triangle. 


78. The height of a triangle is 4.2 cm. The length of the base is 5 cm. Find 
the area of the triangle. 


79. The length of one base of a trapezoid is 35 cm, and the length of the 
other base is 20 cm. If the height is 12 cm, what is the area of the 
trapezoid? 


80. The height of a trapezoid is 5 in. The bases measure 16 in. and 18 in. 
Find the area of the trapezoid. 


81. The radius of a circle is 5 in. Find the area of the circle. Give the exact 
value. 


82. Find the area of a circle with a radius of 14 m. Round to the nearest 
hundredth. 


83. Find the area of a circle that has a diameter of 3.4 ft. Round to the 
nearest hundredth. 


84. The diameter of a circle is 6.5 m. Find the area of the circle. Give the 
exact value. 


85. The dome of the Hale telescope at Mount Palomar, California, has a 
diameter of 200 in. Find the area across the dome. Give the exact 
value. 





86. An irrigation system waters a circular field that has a 50-foot radius. 
Find the area watered by the irrigation system. Give the exact value. 


87. Find the area of a rectangular flower garden that measures 14 ft by 
9 ft. 


88. What is the area of a square patio that measures 8.5 m on each side? 


89. Artificial turf is being used to cover a playing field. If the field is 
rectangular with a length of 100 yd and a width of 75 yd, how much 
artificial turf must be purchased to cover the field? 


90. A fabric wall hanging is to fill a space that measures 5 m by 3.5 m. 
Allowing for 0.1 m of the fabric to be folded back along each edge, 
how much fabric must be purchased for the wall hanging? 


30 in. 


91. The area of a rectangle is 300 in?. If the length of the rectangle is Me 
30 in., what is the width? 
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92. The width-of the rectangle is 12 ft. If the area is 312 ft?, what is the 
length of the rectangle? 


93. The height of a triangle is 5 m. The area of the triangle is 50 m2. 
Find the length of the base of the triangle. 


94. The area of a parallelogram is 42 m7. If the height of the parallel- 
ogram is 7 m, what is the length of the base? 


95. You plan to stain the wooden deck attached to your house. The 
deck measures 10 ft by 8 ft. If a quart of stain will cover 50 ft?, 
how many quarts of stain should you buy? 





96. You want to tile your kitchen floor. The floor measures 12 ft by 


9 ft. How many tiles, each a square with side 15 ft, should you 


purchase for the job? 


97. You are wallpapering two walls of a child’s room, one measuring 9 ft 
by 8 ft and the other measuring 11 ft by 8 ft. The wallpaper costs 
$18.50 per roll, and each roll of the wallpaper will cover 40 ft?. What 
will it cost to wallpaper the two walls? 


98. An urban renewal project involves reseeding a park that is in the 
shape of a square 60 ft on each side. Each bag of grass seed costs 
$5.75 and will seed 1200 ft?. How much money should be budgeted 
for buying grass seed for the park? 


99. A circle has a radius of 8 in. Find the increase in area when the 
radius is increased by 2 in. Round to the nearest hundredth. 


100. A circle has a radius of 6 cm. Find the increase in area when the 
radius is doubled. Round to the nearest hundredth. 


101. You want to install wall-to-wall carpeting in your living room, 
which measures 15 ft by 24 ft. If the cost of the carpet you would 
like to purchase is $15.95 per square yard, what will be the cost of 
the carpeting for your living room? (Hint: 9 ft? = 1 yd’) 


102. You want to paint the walls of your bedroom. Two walls measure 
15 ft by 9 ft, and the other two walls measure 12 ft by 9 ft. The 
paint you wish to purchase costs $12.98 per gallon, and each gal- 
lon will cover 400 ft? of wall. Find the total amount you will 
spend on paint. 


103. A walkway 2 m wide surrounds a rectangular plot of grass. The 
plot is 30 m long and 20 m wide. What is the area of the walkway? 
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104. 


Pleated draperies for a window must be twice as wide as the width 
of the window. Draperies are being made for four windows, each 2 ft 
wide and 4 ft high. Because the drapes will fall slightly below the 
window sill, and because extra fabric will be needed for hemming 
the drapes, 1 ft must be added to the height of the window. How 
much material must be purchased to make the drapes? 


APPLYING THE CONCEPTS 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


Find the ratio of the areas of two squares if the ratio of the lengths of 
their sides is 2:3. 


If both the length and the width of a rectangle are doubled, how many 
times larger is the area of the resulting rectangle? 


A hexagram is a six-pointed star, formed by extending each of the 
sides of a regular hexagon into an equilateral triangle. A hexagram is 
shown at the right. Use a pencil, paper, protractor, and ruler to create 
a hexagram. 


If the formula C = zd is solved for z, the resulting equation is 
€ : ; ; F 
T= 5 Therefore, 7 is the ratio of the circumference of a circle to 


the length of its diameter. Use several circular objects, such as 
coins, plates, tin cans, and wheels, to show that the ratio of the cir- 
cumference of each object to its diameter is approximately equal to 
3.14. 


Derive a formula for the area of a circle in terms of the diameter of the 
circle. 


Determine whether the statement is always true, sometimes true, or 
never true. 
a. If two triangles have the same perimeter, then they have the 


same area. 

b. If two rectangles have the same area, then they have the same 
perimeter. , 

c. If two squares have the same area, then the sides of the squares 
have the same length. 

d. An equilateral triangle is also an isosceles triangle. 

e. All the radii (plural of radius) of a circle are equal. 

f. All the diameters of a circle are equal. 


Suppose a circle is cut into 16 equal pieces, which are then arranged 
as shown at the right. The figure formed resembles a parallelogram. 
What variable expression could describe the base of the parallelo- 
gram? What variable could describe its height? Explain how the for- 
mula for the area of a circle is derived from this approach. 


The apothem of a regular polygon is the distance from the center of 
the polygon to a side. Explain how to derive a formula for the area of 
a regular polygon using the apothem. (Hint: Use the formula for the 
area of a triangle.) 
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Solids 
Objective A_ To solve problems involving the volume of a SOlid...............:0000++. (02)) 


Geometric solids are figures in space. Five common geometric solids are the 
rectangular solid, the sphere, the cylinder, the cone, and the pyramid. 


A rectangular solid is one in which all six sides, 
called faces, are rectangles. The variable L is used to 
represent the length of a rectangular solid, W its 
width, and A its height. 


A sphere is a solid in which all points are the same 
distance from point O, which is called the center of 
the sphere. The diameter, d, of a sphere is a line 
across the sphere going through point O. The radius, 
r, is a line from the center to a point on the sphere. 
AB is a diameter and OC is a radius of the sphere 
shown at the right. 


The most common cylinder, called a right circular 
cylinder, is one in which the bases are circles and 
are perpendicular to the height of the cylinder. The 
variable r is used to represent the radius of a base of 
a cylinder, and h represents the height. In this text, 
only right circular cylinders are discussed. 





A right circular cone is obtained when one base of a 
right circular cylinder is shrunk to a point, called a 
vertex, V. The variable r is used to represent the ra- 
dius of the base of the cone, and / represents the 
height. The variable ¢ is used to represent the slant 
height, which is the distance from a point on the cir- 
cumference of the base to the vertex. In this text, only 
right circular cones are discussed. 


The base of a regular pyramid is a regular polygon, 
and the sides are isosceles triangles. The height, h, is 
the distance from the vertex, V, to the base and is 
perpendicular to the base. The variable ¢ is used to 
represent the slant height, which is the height of one 
of the isosceles triangles on the face of the pyramid. 
The regular square pyramid at the right has a square 
base. This is the only type of pyramid discussed in 
this text. 
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A cube is a special type of rectangular solid. 
Each of the six faces of a cube is a square. The 
variable s is used to represent the length of one s 
side of a cube. 


S| 


Volume is a measure of the amount of space inside a figure in space. Volume 
can be used to describe the amount of heating gas used for cooking, the 
amount of concrete delivered for the foundation of a house, or the amount of 
water in storage for a city’s water supply. 


A cube that is 1 ft on each side has a volume of A 

1 cubic foot, which is written 1 ft?. A cube that 1 ft 
measures 1 cm on each side has a volume of eS 

1 cubic centimeter, which is written 1 cm?. lf 1 ft 


The volume of a solid is the number of cubes 
that are necessary to exactly fill the solid. The 2cm 
volume of the rectangular solid at the right is 
24 cm? because it will hold exactly 24 cubes, 
each 1 cm on a side. Note that the volume can 
be found by multiplying the length times the 
width times the height. 


3.cm 
4 cm 
4-3-2=24 
The formulas for the volumes of the geometric solids described above are 


given below. 


Volumes of Geometric Solids 


The volume, V, of a rectangular solid with length L, width W, and 
height H is given by V= LWH. 


The volume, V, of a cube with side sis given by V= s°, 


The volume, V, of a sphere with radius ris given by V= amr. 


The volume, V, of a right circular cylinder is given by V= zr2h, 
where ris the radius of the base and his the height. 


The volume, V, of a right circular cone is given by V= am ih, 


where ris the radius of the circular base and his the height. 


The volume, V, of a regular square pyramid is given by V= 58h 


’ 


where sis the length of a side of the base and his the height. 
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=> Find the volume of a sphere with a diameter of 6 in. 


Po 
oe = 


1 1 
r= 5d = 5 (6) =) 3 * First find the radius of the sphere. 


any) 

V= a Be ¢ Use the formula for the volume of a sphere. 
4 

V==7(3)3 
37(3) 
4 

eS 3 727) 

CALCULATOR NOTE V = 367 e The exact volume of the sphere is 3677 in’. 
To approximate 367 on Vet tS 10) ¢ An approximate measure can be found 





your calculator, enter 


36[x][7][=]. 


by using the 7 key on a calculator. 


The approximate volume is 113.10 in’. 


Example 1 
The length of a rectangular solid is 5 m, 


the width is 3.2 m, and the height is 4 m. 


Find the volume of the solid. 


Strategy 

To find the volume, use the formula for 
the volume of a rectangular solid. L = 5, 
W =3.2,H =4. 


Solution 
V = LWA = 5(@.2)(4) = 64 


The volume of the rectangular solid is 
64 m3. 


Example 2 

The radius of the base of a cone is 8 cm. 
The height is 12 cm. Find the volume of 
the cone. Round to the nearest 
hundredth. 


Strategy 

To find the volume, use the formula for 
the volume of a cone. An approximation 
is asked for; use the 7 key ona 
calculator. r = 8, h = 12. 


Solution 


1 
a= 3arh 


1 
V= 57(8)(12) = 3 m(64)(12) = 2567 
= 804.25 


The volume is approximately 804.25 cm’. 


You Try It 1 
Find the volume of a cube that measures 
2.5 m ona side. 


Your strategy 


Your solution 


Your Try It 2 

The diameter of the base of a cylinder is 
8 ft. The height of the cylinder is 22 ft. 
Find the exact volume of the cylinder. 


Your strategy 


Your solution 


Solutions on pp. S9-S10 
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Objective B_ To solve problems involving the surface area Of a SOII......2.::.:01ce 


The surface area of a solid is the total area on the surface of the solid. 


When a rectangular solid is cut open and flattened out, fine ty 
each face is a rectangle. The surface area, SA, of the a ft 
rectangular solid is the sum of the areas of the six Z Fi MW 
rectangles: 


SA=LW+LH+WH+LW+ WH + LH 
which simplifies to 


SA = 2LW + 2LH + 2WH 





The surface area of a cube is the sum of the areas of the Laity 
six faces of the cube. The area of each face is s*. There- 2 
fore, the surface area, SA, of a cube is given by the for- Pt 
mula SA = 6s?. 


When a cylinder is cut open and flattened out, the top 
and bottom of the cylinder are circles. The side of the 
cylinder flattens out to a rectangle. The length of the 
rectangle is the circumference of the base, which is 
2ar; the width is h, the height of the cylinder. Therefore, 
the area of the rectangle is 2mrh. The surface area, SA, 
of the cylinder is 


SA = ar? + 2arh + ar? 
which simplifies to 
SA = 2ar? + 2arh 
2tr 
h h 
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The surface area of a pyramid is the area of the base 
plus the area of the four isosceles triangles. A side of 
the square base is s; therefore, the area of the base is s2. 
The slant height, @, is the height of each triangle, and s 
is the base of each triangle. The surface area, SA, of a 
pyramid is 





SA = s? + af 


which simplifies to 


SA ='s? + 25 
Formulas for the surface areas of geometric solids are given below. 


Surface Areas of Geometric Solids 


The surface area, SA, of a rectangular solid with length , width W, 
and height His given by SA = 2LW + 2LH + 2WH. 


The surface area, SA, of a cube with side sis given by SA = 6s”. 


The surface area, SA, of a sphere with radius ris given by 
SA = 4rr’. 


The surface area, SA, of a right circular cylinder is given by 
SA = 2ar? + 2arh, where ris the radius of the base and his the 
height. 


The surface area, SA, of a right circular cone is given by 
SA = mr? + mr€, where ris the radius of the circular base and ¢ is 
the slant height. 


The surface area, SA, of a regular pyramid is given by 
SA = s? + 2s€, where sis the length of a side of the base and ¢ is 
the slant height. 





=> Find the surface area of a sphere with a diameter of 18 cm. 


r= > = 5(18) AC e First find the radius of the sphere. 

SA = 4nr © Use the formula for the surface 

SA = 4n(9) area of a sphere. 

SA = 4n(81) 

SA =~ 3247 e The exact surface area of the sphere 
is 324 7 cm’. 

SA = 1017.88 e An approximate measure can be found 


by using the zr key on a calculator. 


The approximate surface area is 1017.88 cm?. 
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Example 3 

The diameter of the base of a cone is 

5 m, and the slant height is 4 m. Find the 
surface area of the cone. Give the exact 
measure. 


Strategy 

To find the surface area of the cone: 
Find the radius of the base of the cone. 
Use the formula for the surface area of 
a cone. Leave the answer in terms of 7. 


Solution 


1 1 
=— =— om 
r 54 5 (5) 5 


SA = mr* + mre 

SA = 7(2.5)? + (2.5)(4) 
SA = 7(6.25) + 7(2.5)(4) 
SA = 6.2574 107 

SA = 16.257 


The surface area of the cone is 
16.257 m2. 


Example 4 

Find the area of a label used to cover a 
soup can that has a radius of 4 cm anda 
height of 12 cm. Round to the nearest 
hundredth. 


Strategy 


To find the area of the label, use the fact - 


that the surface area of the sides of a 
cylinder is given by 2arh. An 
approximation is asked for; use the 7 key 
on acalculator. r= 4,h = 12. 


Solution 

Area of the label = 2arh 

Area of the label = 27(4)(12) = 967 
= 301.59 


The area is approximately 301.59 cm?. 


You Try It 3 

The diameter of the base of a cylinder is 6 ft, 
and the height is 8 ft. Find the surface area 
of the cylinder. Round to the nearest 
hundredth. 


Your strategy 


Your solution 


You Try It 4 

Which has a larger surface area, a cube with 
a side measuring 10 cm or a sphere witha 
diameter measuring 8 cm? 


Your strategy 


Your solution 


Solutions on p. S10 





Section 3.3 / Solids 185 


3.3 Exercises 


Objective A 


Find the volume of the figure. For calculations involving 7, give both the 
exact value and an approximation to the nearest hundredth. 


ie Ze 
aie ) 
10 in. 





7.5m 7.5m ake. 





Solve. 


7. A rectangular solid has a length of 6.8 m, a width of 2.5 m, anda 
height of 2 m. Find the volume of the solid. 


8. Find the volume of a rectangular solid that has a ain of 4.5 ft, a 
width of 3 ft, and a height of 1.5 ft. 


9. Find the volume of a cube whose side measures 3.5 in. 
10. The length of a side of a cube is 7 cm. Find the volume of the cube. 


11. The diameter of a sphere is 6 ft. Find the volume of the sphere. Give 
the exact measure. 


12. Find the volume of a sphere that has a radius of 1.2 m. Round to the 
nearest tenth. 


13. The diameter of the base of a cylinder is 24 cm. The height of the 
cylinder is 18 cm. Find the volume of the cylinder. Round to the 
nearest hundredth. 


14. The height of a cylinder is 7.2 m. The radius of the base is 4 m. Find 
the volume of the cylinder. Give the exact measure. 


15. The radius of the base of a cone is 5 in. The height of the cone is 9 in. 
Find the volume of the cone. Give the exact measure. 
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16. The height of a cone is 15 cm. The diameter of the cone is 10 cm. Find 
the volume of the cone. Round to the nearest hundredth. 


17. The length of a side of the base of a pyramid is 6 in., and the height is 
10 in. Find the volume of the pyramid. 


18. The height of a pyramid is 8 m, and the length of a side of the base 
is 9 m. What is the volume of the pyramid? 


19. The volume of a freezer with a length of 7 ft and a height of 3 ft is 
52.5 ft*. Find the width of the freezer. 


20. The length of an aquarium is 18 in., and the width is 12 in. If the vol- 
ume of the aquarium is 1836 in’, what is the height of the aquarium? 


21. The volume of a cylinder with a height of 10 in. is 502.4 in?. Find the 
radius of the base of the cylinder. Round to the nearest hundredth. 


22. The diameter of the base of a cylinder is 14 cm. If the volume of the 
cylinder is 2310 cm’, find the height of the cylinder. Round to the near- 
est hundredth. 


23. A rectangular solid has a square base and a height of 5 in. If the vol- 
ume of the solid is 125 in’, find the length and the width. 


24. The volume of a rectangular solid is 864 m?. The rectangular solid has 
a square base and a height of 6 m. Find the dimensions of the solid. 


25. An oil storage tank, which is in the shape of a cylinder, is 4 m high 
and has a diameter of 6 m. The oil tank is two-thirds full. Find the 
number of cubic meters of oil in the tank. Round to the nearest 
hundredth. 


26. A silo, which is in the shape of a cylinder, is 16 ft in diameter and has 
a height of 30 ft. The silo is three-fourths full. Find the volume of the 
portion of the silo that is not being used for storage. Round to the 
nearest hundredth. 





Objective B 


Find the surface area of the figure. 


21s 28. 29. 
Aiko aon ale, IN 5m 
14 ft 
5m 


14 ft 4m 
14 ft 4m 


4m 





Find the surface-area of the figure. Give both the exact value and an 
approximation to the nearest hundredth. 


30. 31. 32. 
eae > wae 
SSS ae 


Solve. 


33. 


34. 


35. 


36. 


Se 


38. 


So: 


40. 


41. 


42. 


43. 


44. 


The height of a rectangular solid is 5 ft. The length is 8 ft, and the width 
is 4 ft. Find the surface area of the solid. 


The width of a rectangular solid is 32 cm. The length is 60 cm, and the 
height is 14 cm. What is the surface area of the solid? 


The side of a cube measures 3.4 m. Find the surface area of the cube. 
Find the surface area of a cube that has a side measuring 1.5 in. 


Find the surface area of a sphere with a diameter of 15 cm. Give the 
exact value. 


The radius of a sphere is 2 in. Find the surface area of the sphere. 
Round to the nearest hundredth. 


The radius of the base of a cylinder is 4 in. The height of the cylinder 
is 12 in. Find the surface area of the cylinder. Round to the nearest 
hundredth. 


The diameter of the base of a cylinder is 1.8 m. The height of the 
cylinder is 0.7 m. Find the surface area of the cylinder. Give the exact 
value. 


The slant height of a cone is 2.5 ft. The radius of the base is 1.5 ft. 
Find the surface area of the cone. Give the exact value. 


The diameter of the base of a cone is 21 in. The slant height is 16 in. 
What is the surface area of the cone? Round to the nearest hundredth. 


The length of a side of the base of a pyramid is 9 in., and the slant 
height is 12 in. Find the surface area of the pyramid. 


The slant height of a pyramid is 18 m, and the length of a side of the 
base is 16 m. What is the surface area of the pyramid? 
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45. The surface area of a rectangular solid is 108 cm?. The height of the 
solid is 4 cm, and the length is 6 cm. Find the width of the rectangu- 
lar solid. 


46. The length of a rectangular solid is 12 ft. The width is 3 ft. If the sur- 
face area is 162 ft?, find the height of the rectangular solid. 


47. Acan of paint will cover 300 ft?. How many cans of paint should be 
purchased in order to paint a cylinder that has a height of 30 ft anda 
radius of 12 ft? 


48. A hot air balloon is in the shape of a sphere. Approximately how much 
fabric was used to construct the balloon if its diameter is 32 ft? 
Round to the nearest whole number. 





49. How much glass is needed to make a fish tank that is 12 in. long, 8 in. 
wide, and 9 in. high? The fish tank is open at the top. 


50. Find the area of a label used to cover a can of juice that has a diame- 
ter of 16.5 cm and a height of 17 cm. Round to the nearest hundredth. 


51. The length of a side of the base of a pyramid is 5 cm, and the slant 
height is 8 cm. How much larger is the surface area of this pyramid 
than the surface area of a cone with a diameter of 5 cm and a slant 
height of 8 cm? Round to the nearest hundredth. 


APPLYING THE CONCEPTS 


52. Half of a sphere is called a hemisphere. Derive formulas for the vol- 
ume and surface area of a hemisphere. 





53. Determine whether the statement is always true, sometimes true, or 
never true. 
a. The slant height of a regular pyramid is longer than the height. 
b. The slant height of a cone is shorter than the height. 
c. The four triangular faces of a regular pyramid are equilateral 
triangles. 


54. a. What is the effect on the surface area of a rectangular solid when 

the width and height are doubled? 

b. What is the effect on the volume of a rectangular solid when both 
the length and the width are doubled? 

c. What is the effect on the volume of a cube when the length of each 
side of the cube is doubled? 

d. What is the effect on the surface area of a cylinder when the ra- 
dius and height are doubled? 


55. Explain how you could cut through a cube so that the face of the result- 
Y ing solid is 

. asquare 
an equilateral triangle 


a trapezoid 
a hexagon 


ae oS 





at 
ae 
wat 


Trial and Error 
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Focus on Problem Solving 





Some problems in mathematics are solved by using trial and error. The trial- 
and-error method of arriving at a solution to a problem involves repeated tests 
or experiments until a satisfactory conclusion is reached. 


Many of the Applying the Concepts exercises in this text require a trial and error 
method of solution. For example, an exercise in Section 3 of this chapter reads: 


Explain how you could cut through a cube so that the face of the resulting solid 
is (a) a square, (b) an equilateral triangle, (c) a trapezoid, (d) a hexagon. 


There is no formula to apply to this problem; there is no com- Jon > EY, 
putation to perform. This problem requires picturing a cube 7 eee 
and the results after cutting through it at different places on 

its surface and at different angles. For part (a), cutting per- ea 
pendicular to the top and bottom of the cube and parallel to i 


two of its sides will result in a square. The other shapes may 
prove more difficult. 


When solving problems of this type, keep an open mind. Sometimes when using 
the trial-and-error method, we are hampered by narrowness of vision; we can- 
not expand our thinking to include other possibilities. Then when we see some- 
one else’s solution, it appears so obvious to us! For example, for the Applying the 
Concepts question above, it is necessary to conceive of cutting through the cube 
at places other than the top surface; we need to be open to the idea of beginning 
the cut at one of the corner points of the cube. 


A topic of the Projects and Group Activities in this chap- 
ter is symmetry. Here again, trial and error is used to 
determine the lines of symmetry inherent in an object. 
For example, in determining lines of symmetry for a 
square, begin by drawing a square. The horizontal line of 
symmetry and the vertical line of symmetry may be 
immediately obvious to you. 


But there are two others. Do you see that a line drawn 
through opposite corners of the square is also a line of sym- 
metry? 


Many of the questions in this text that require an answer of “always true, some- 
times true, or never true” are best solved by the trial-and-error method. For 
example, consider the statement presented in Section 2 of this chapter. 


If two rectangles have the same area, then they have the same perimeter. 
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Try some numbers. Each of two rectangles, one measuring 6 units by 2 units and 
another measuring 4 units by 3 units, has an area of 12 square units, but the 
perimeter of the first is 16 units and the perimeter of the second is 14 units. So 
the answer “always true” has been eliminated. We still need to determine 
whether there is a case when it is true. After experimenting with a lot of num- 
bers, you may come to realize that we are trying to determine if it is possible for 
two different pairs of factors of a number to have the same sum. Is it? 


Don’t be afraid to make many experiments, and remember that errors, or tests 
that “don’t work,” are a part of the trial-and-error process. 


| Projects and Group Activities 


Investigating The perimeter of the square at the right is 
Perimeter 4 units. 


If two squares are joined along one of the 
sides, the perimeter is 6 units. Note that it 
does not matter which sides are joined; the 
perimeter is still 6 units. 


If three squares are joined, the perimeter 
of the resulting figure is 8 units for each 
possible placement of the squares. 


Four squares can be joined in five different 
ways as shown. There are two possible 
perimeters, 10 units for A, B, C, and D, and 
8 for E. 





1. If five squares are joined, what is the maximum perimeter 
possible? 


2. If five squares are joined, what is the minimum perimeter 
possible? 


3. If six squares are joined, what is the maximum perimeter 
possible? 


4. If six squares are joined, what is the minimum perimeter 
possible? 
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Symmetry~ Look at the letter A printed at the left. If the letter were folded along line £, the 


G 





Key Words 


two sides of the letter would match exactly. This letter has symmetry with re- 
spect to line ¢. Line ¢ is called the axis of symmetry. 


Now consider the letter H printed below at the left. Both lines ¢, and ¢, are axes 
of symmetry for this letter; the letter could be folded along either line and the 
two sides would match exactly. 


1. Does the letter A have more than one axis of symmetry? 

2. Find axes of symmetry for other capital letters of the alphabet. 

3. Which lowercase letters have one axis of symmetry? 

4. Do any of the lowercase letters have more than one axis of symmetry? 
5 


Find the number of axes of symmetry for each of the plane geometric figures 
presented in this chapter. 


6. There are other types of symmetry. Look up the meaning of point symmetry 
and rotational symmetry. Which plane geometric figures provide examples 
of these types of symmetry? 


7. Find examples of symmetry in nature, art, and architecture. 


| Chapter Summary 


A line is determined by two distinct points and extends indefinitely in both di- 
rections. A line segment is part of a line that has two endpoints. Parallel lines 
never meet; the distance between them is always the same. Perpendicular lines 
are intersecting lines that form right angles. 


A ray starts at a point and extends indefinitely in one direction. The point at 
which a ray starts is the endpoint of the ray. An angle is formed by two rays with 
the same endpoint. The vertex of an angle is the point at which the two rays 
meet. An angle is measured in degrees. A 90° angle is a right angle. A 180° angle is 
a straight angle. An acute angle is an angle whose measure is between 0° and 90°. 
An obtuse angle is an angle whose measure is between 90° and 180°. Complemen- 
tary angles are two angles whose measures have the sum 90°. Supplementary 
angles are two angles whose measures have the sum 180°. 


Two angles that are on opposite sides of the intersection of two lines are verti- 
cal angles; vertical angles have the same measure. Two angles that share a 
common side are adjacent angles; adjacent angles of intersecting lines are sup- 
plementary angles. 


A line that intersects two other lines at two different points is a transversal. If 
the lines cut by a transversal are parallel lines, equal angles are formed: alternate 
interior angles, alternate exterior angles, and corresponding angles. 


A polygon is a closed figure determined by three or more line segments. The line 
segments that form the polygon are its sides. A regular polygon is one in which 
each side has the same length and each angle has the same measure. Polygons 
are classified by the number of sides. 
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Essential Rules 


A triangle is a plane figure formed by three line segments. An isosceles triangle 
has two sides of equal length. The three sides of an equilateral triangle are of 
equal length. A scalene triangle has no two sides of equal length. An acute triangle 
has three acute angles. An obtuse triangle has one obtuse angle. A right triangle 
has a right angle. 


A quadrilateral is a four-sided polygon. A parallelogram, a rectangle, a square, 
a rhombus, and a trapezoid are all quadrilaterals. 


A circle is a plane figure in which all points are the same distance from the cen- 
ter of the circle. A diameter of a circle is a line segment across the circle through 
the center. A radius of a circle is a line segment from the center of the circle to a 
point on the circle. 


The perimeter of a plane geometric figure is a measure of the distance around the 
figure. The distance around a circle is called the circumference. Area is the 
amount of surface in a region. Volume is a measure of the amount of space in- 
side a figure in space. The surface area of a solid is the total area on the surface 
of the solid. 


Triangles Sum of the measures of the interior angles = 180° 
Sum of an interior and corresponding exterior angle = 180° 
Perimeter Triangle: P=a@+tb+c 
Rectangle: P=2L+ 2W 
Square: P=A4s 
Circle: C = ad orC = 2ar 
: 1 
Area Triangle: = 5h 
Rectangle: A= LW 
Square: A=s? 
Circle: A= ar? 
Parallelogram: A=bh 
2 1 
Trapezoid: A= 5h, 12D;) 
Volume Rectangular solid: V = LWH 
Cube: V=s3 
Sphere: V= Sars 
Right circular cylinder: V=arh 
Right circular cone: V= smith 
Regular pyramid: V= ssh 
Surface Area Rectangular solid: SA = 2LW + 2LH + 2WH 


Cube: 
Sphere: 


Right circular cylinder: 


Right circular cone: 
Regular pyramid: 


SA\— 652 

SA = 4rr? 

SA = 2mr2 + 2arh 
SA = mr? + ar 
SA = 57 + 2s¢ 
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Chapter Review 





i; Givenithatizia— 74° and Z2bi=52°, find the 2. Find the measure of Zx. 
measures of angles x and y. 











mw 
122 
x 
1 
3. Given that BC = 11 cm and AB is three times 4. Find x. 
the length of BC, find the length of AC. 
<—>:- $$ 
A B G 
: 3x f 
Xx x+28 Z 
5. Find the volume of the figure. 6. Given that ¢ ||, ¢,, find the measures of angles 
a and b. 
Z, 
138° a 
b 4 
t 
7. Find the surface area of the figure. 8. Find the supplement of a 32° angle. 
9. Determine the area of a rectangle with a length 10. Determine the area of a triangle whose base is 


of 12 cm and a width of 6.5 cm. 9 m and whose height is 14 m. 
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Ai: 


12. 


13. 


14. 


Vey 


16. 


17. 


18. 


19, 


20. 
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Find the volume of a rectangular solid with a length of 6.5 ft, a width of 2 ft, 
and a height of 3 ft. 


Two angles of a triangle measure 37° and 48°. Find the measure of the 
third angle. 


The height of a triangle is 7 cm. The area of the triangle is 28 cm’. Find the 
length of the base of the triangle. 


Find the volume of a sphere that has a diameter of 12 mm. Find the 
exact value. 


Determine the exact volume of a right circular cone whose radius is 7 cm 
and whose height is 16 cm. 


The perimeter of a square picture frame is 86 cm. Find the length of each 
side of the frame. 


A can of paint will cover 200 ft?. How many cans of paint should be pur- 
chased in order to paint a cylinder that has a height of 15 ft and a radius 
of 6 ft? 


The length of a rectangular park is 56 yd. The width is 48 yd. How many 
yards of fencing are needed to surround the park? 


What is the area of a square patio that measures 9.5 m on each side? 


A walkway 2 m wide surrounds a rectangular plot of grass. The plot is 
40 m long and 25 m wide. What is the area of the walkway? 
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Chapter Test_ 





1. The diameter of a sphere is 1.5 m. Find the 2. Find the circumference of a circle with a 

radius of the sphere. radius of 5 cm. Use 3.14 for 7. 
3. Find the perimeter of the rectangle in the fig- 4. Given AB = 15, CD = 6, and AD = 24, find the 

ure below. . length of BC. 

—<—_e—_———ee—__e > / 
A BC D 
5 ft 
8 ft 

5. Find the volume of a sphere with a diameter 6. Find the area of the circle shown below. Use 

of 8 ft. Use 3.14 for 7. Round to the nearest 3.14 for 7. 


tenth. 


7. Given that ¢, || €,, find the measures of angles 8. Find the supplement of a 105° angle. 


a and b. 
[ 
J 
a 
b 
0; 
80° 
9. Given that ¢, || ¢,, find the measures of angles 10. Find the area of the rectangle shown below. 
a and b. 


5m 


11m 
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11. Find the volume of a cylinder with a height of 12. Find the perimeter of a rectangle that has a 
6 mand a radius of 3 m. Use 3.14 for 7. length of 2 m and a width of 1.4 m. 
13. Find the complement of a 32° angle. 14. Find the surface area of the figure. Round to 


the nearest hundredth. 





15. How much more pizza is contained in a pizza with radius 10 in. than in one 
with radius 8 in.? Use 3.14 for 7. 


16. A right triangle has a 32° angle. Find the measures of the other two angles. 


17. A bicycle tire has a diameter of 28 in. How many feet does the bicycle travel 
if the wheel makes 10 revolutions? Use 3.14 for 7. Round to the nearest 
tenth of a foot. 





18. New carpet is installed in a room measuring 18 ft by 14 ft. Find the area of 
the room in square yards. (9 ft? = 1 yd?) 


19. A silo, which is in the shape of a cylinder, is 9 ft in diameter and has a height 
of 18 ft. Find the volume of the silo. Use 3.14 for 7. 


20. Find the area of a right triangle with a base of 8 m and a height of 2.75 m. 





1. 


11. 


13. 


15. 


17. 


Cumulative Review 


Let x € {—3, 0, 1}. For what values of x is the 
inequality x < 1 a true statement? 


Ba ah? 
. Write 39 as a percent. 


. Multiply: 5.7 (—4.3) 


. Evaluate 5 — 3[10 + (5 — 6)?]. 


. Simplify: 5m + 3n — 8m 


Simplify: 4(3x + 2) — (5x — 1) 


Find C U D, given C = (0, 10, 20, 30} and 
D = {-10, 0, 10}. 


Solve: 4x + 2 = 6x -— 8 


Solve: 4y — 3 = 6y + 5 


10. 


i: 


14. 


16. 


18. 
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Cumulative Review 


. Write 8.9% as a decimal. 


ri eo ae 2 
. Divide: A iee 
ssoimplify; —V 125 


. Evaluate a(b — c)? whena = —1, b = —2, and 


a= 


Simplify: —7(—3y) 


Use the roster method to write the set of nega- 
tive integers greater than or equal to —2. 


Graph: x = 1 
Beate se i Oars. 3 aS 
Solve: 3(2x + 5) = 18 


Solve: 8 — 4 (3x + 5) S 6(x — 8) 
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19. 


21. 


23. 


24. 


74 


26. 


27. 


28. 


29: 


30. 
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Solve: 2x —3 >5o0rx+4< 1 20. Solve: -3 = 2x —-7=5 
Solve: |3x — 1] = 2 22. Solve: |x — 8) =:2 
Find the measure of 2x. B 





Translate “the difference between four times a number and ten is two” into 
an equation and solve. 


Two angles of a triangle measure 37° and 21°. Find the measure of the third 
angle of the triangle. 


An engineering consultant invested $14,000 in a 5.5% annual simple inter- 
est account. How much additional money is deposited in an account that 
pays 9.5% annual simple interest if the total interest earned on both ac- 
counts is $1245? 


Two sides of an isosceles triangle measure 7.5 m. The perimeter of the tri- 
angle is 19.5 m. Find the measure of the third side of the triangle. 


Of the 375 students in a high school graduating class, 300 students went on 
to college. What percent of the students in the class went on to college? 


Find the exact area of a circle that has a diameter of 9 cm. 


The volume of a box is 144 ft?. The length of the box is 12 ft, and the width 
is 4 ft. Find the height of the box. 


Roel beet Peek trie Lente A 











Linear Equations 
and Inequalities in 
Two Variables 








Objectives 


Section 4.1 
To graph points in a rectangular coordinate system 


To determine ordered-pair solutions of an equation in 
two variables 


To determine whether a set of ordered pairs is 
a function 


To evaluate a function written in functional notation 


Section 4.2 

To graph an equation of the form y = mx + b 
To graph an equation of the form Ax + By = C 
To solve application problems 


Section 4.3 
To find the slope of a straight line 
To graph a line using the slope and the y-intercept 













Section 4.4 
Bees =a es To find the equation of a line given a point and 
act technicians operate the electronic equipment the slope 
[ cord and transmit radio and television programs, To find the equation of a line given two points 
i help prepare movie soundtracks for production. To solve application problems 
‘si 9s. They work with television cameras, Deere? . 
ape recorders, light and sound effects, transmitters, Section 4.5 
s ntennas, and other equipment. These technicians must — To find parallel and perpendicular lines 
g able to read and interpret graphs such as those discussed Section 4.6 
in this ehapter. a Es To graph an inequality in two variables 


a 

















Magic Squares — 










‘A magic square is a square array of distinct 
integers arranged i in sucha way that the 
numbers along any row, column, or main 
diagonal have the same sum. An example 

_of a magic square is shown at the right. 





The oldest known example of a magic square comes, from 
China. Estimates are that this magic a is over 4000. 
years old. It is shown at the left. ee 








There is a simple way to produce a magic square with an 
odd see of cells. Start by writing « a 1 in the top mi dd 





n(n as 1) 
2 


row, column, or agonal is Aine n is 


number of r TOWS. 
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ee ’ 


G2 


The Rectangular Coordinate 
System 


ee 








NEA 
Objective A_ To graph points in a rectangular coordinate system...................- ({3}] 
>OINT OF INTEREST Before the 15th century, geometry and algebra were considered separate 
i branches of mathematics. That all changed when René Descartes, a French 
Beeric ciso callad & mathematician who lived from 1596 to 1650, developed analytic geometry. 
tartesian coordinate system In this geometry, a coordinate system is used to study relationships between 
n honor of Descartes. variables. 







A rectangular coordinate system is formed by 
two number lines, one horizontal and one vertical, ea 
that intersect at the zero point of each line. The horizontal)” 
point of intersection is called the origin. The two e i 
lines are called coordinate axes, or simply axes. 
Generally, the horizontal axis is labeled the x-axis 
and the vertical axis is labeled the y-axis. 


Quadrant Il + Quadrant 


The axes determine a plane, which can be thought of as a large, flat sheet of 
paper. The two axes divide the plane into four regions called quadrants, 
which are numbered counterclockwise from I to IV starting from the upper 
right. 


POINT OF INTEREST Each point in the plane can be identified by a pair of numbers called an 
Cee ordered pair. The first number of the ordered pair measures a horizontal dis- 

Gottfried Leibnitz introduced : : fs 

Be incie she cise and tance and is called the abscissa, or x-coordinate. The second number of the 

ordinate. Abscissais froma pair measures a vertical distance and is called the ordinate, or y-coordinate. 


Latin word meaning “to cut The ordered pair (x, y) associated with a point is also called the coordinates 
off.” Originally, Leibnitz used of the point. 

abscissa linea, “cut off a line” 
(axis). The root of ordinate is 
also a Latin word used to 


Horizontal distance Vertical distance 
suggest the sense of order. 


Ordered pair ———> (2, 3) 


x-coordinate EB seil {0 sl y-coordinate 


To graph or plot a point in the plane, place a dot at the location given by the 
ordered pair. The graph of an ordered pair is the dot drawn at the coordi- 
nates of the point in the plane. The points whose coordinates are (3, 4) and 
(=2.5, —3) are graphed in the figures below. 
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TAKE NOTE 


This is very important. An 
ordered pair is a pair of 
coordinates, and the orderin 
which the coordinates appear 
is important. 


The points whose coordinates are (3, —1) 
and (—1, 3) are graphed at the right. Note 
that the graphed points are in different 
locations. The order of the coordinates of an 
ordered pair is important. 


Each point in the plane is associated with 
an ordered pair, and each ordered pair is 
associated with a point in the plane. Al- 
though only the labels for integers are 
given on a coordinate grid, the graph of 
any ordered pair can be approximated. 
For example, the points whose coordinates 
are (—2.3, 4.1) and (az, 1) are shown on the 
graph at the right. 


Example1 Graph the ordered pairs You Try It 1 
(2 3), (3, +32 )} (0, Ea 
and (3, 0). 


Solution 


Your solution 


Example 2. Give the coordinates of the You Try It 2 
points labeled A and B. 
Give the abscissa of point C 
and the ordinate of point D. 


Solution The coordinates of A are (—4, 2). Your solution 
The coordinates of B are (4, 4). 
The abscissa of C is —1. 
The ordinate of D is 1. 





Graph the ordered pairs 
(—4, 1) (3; ao) (0, 4), and 
(3520) 


Give the coordinates of the 
points labeled A and B. Give 
the abscissa of point D and 
the ordinate of point C. 


Solutions on p. S10 





Section 4.1 / The Rectangular Coordinate System 203 


Objective.B~ To determine ordered-pair solutions of an equation in 


TAKE NOTE 


An ordered pair is of the 
form (x, y). For the ordered 
pair (—3, 7), —3is the x 
value and 7 is the y value. 
Substitute —3 for x and 7 
for y. 


BAI cc eeteoc ceric ceaslaavsaviccsvcsacvsévteceoccecevsccecessedbed (ie) 


A coordinate system is used to study the relationship between two variables. 


Frequently this relationship is given by an equation. Examples of equations in 
two variables include 


MeS2N 33 3x + 2y = 6 nee VEO 


A solution of an equation in two variables is an ordered pair (x, y) whose 
coordinates make the equation a true statement. 


=> Is the ordered pair (—3, 7) a solution of the equation y = —2x + 1? 


Sedo 

PD (=) Sl e Replace x by —3 and y by 7. 

PCM os | © Simplify. 

7=7 e Compare the results. If the resulting 
Yoo the ordered pair (=>. 7) equation is a true statement, the ordered 


pair is a solution of the equation. If it is 
not a true statement, the ordered pair is 
not a solution of the equation. 


is a solution of the equation. 


Besides (—3, 7), there are many other ordered-pair solutions of y = —2x + 1. 
For example, (0, 1), (-3, 4), and (4, —7) are also solutions. In general, an 


equation in two variables has an infinite number of solutions. By choosing any 
value of x and substituting that value into the equation, we can calculate a 
corresponding value of y. 


«=> Find the ordered-pair solution of y = =x — 3 that corresponds to x = 6. 


= —(6) — 3 © Replace x by 6. 


=4-3 ® Solve for y. 


The ordered-pair solution is (6, 1). 


The solution of an equation in two variables can be graphed in an xy-coordinate 
system. 


=> Graph the ordered-pair solutions of y = —2x + 1 when x = —2, —1, 0, 1, 
and 2. 


Use the values of x to determine 
ordered-pair solutions of the equa- 
tion. It is convenient to record these 











in a table. 

x | y= —24.4+ | y (x, y) 
—2 —2(-2)+1 wel ysl yearn 9) 
—| (Sy So Cs) 

0 —2(0) + 1 1 | (0, 1) 

1 —2(1) + 1 alate sede) 

2 —2(2) + 1 — 3 | (2—— 3) 
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Example 3 
Is (3, —2) a solution of 3x — 4y = 15? 


Solution 
3x — 4y = 15 


3(3) — 4(—2) | 15 

9+8 1 15 

17 25 

No, (3, —2) is not a solution of 
3x — 4y = 15. 


e Replace x by 3 and y 
by —2. 


Example 4 
Find the ordered-pair solution of 


ea - 5 corresponding to x = 4. 


Solution 
Replace x by 4 and solve for y. 


The ordered-pair solution is (4, 2). 


Example 5 
Graph the ordered-pair solutions of 


y = 3x — 2 when x = SRS IC 


Solution 


Replace x in y = 2 


208 2 by. =3,.0,3,.and 


6. For each value of x, determine the 
value of y. 


You Try It 3 
Is (—2, 4) a solution of x — 3y = —14? 


Your solution 


You Try It 4 
Bx 


Find the ordered-pair solution of y = mas 


corresponding to x = —2. 


Your solution 


You Try It 5 
Graph the ordered-pair solutions of 


Vee -3x + 2 whenx = 4-7, O72: 


Your solution 


Solutions on pp. S10-S11 
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Objective.CTo determine whether a set of ordered pairs is a function.......... ¢€&) 


Discovering a relationship between two variables is an important task in the 
application of mathematics. Here are some examples. 


¢ Botanists study the relationship between the number of bushels of wheat 
yielded per acre and the amount of watering per acre. 

e Environmental scientists study the relationship between the incidence of skin 
cancer and the amount of ozone in the atmosphere. 

¢ Business analysts study the relationship between the price of a product and 
the number of products that are sold at that price. 


Each of these relationships can be described by a set of ordered pairs. 


Definition of a Relation 


A relation is any set of ordered pairs. 





The following table shows the number of hours that each of 9 students spent 
studying for a midterm exam and the grade that each of these 9 students 
received. 





This information can be written as the relation 
USS) (305. ) A220), (2, 05), (4,85), (4.5,'85),.(3,.80), (2:5, 75), (5, 20) 


where the first coordinate of each ordered pair is the hours spent studying and 
the second coordinate is the score on the midterm. 


The domain of a relation is the set of first coordinates of the ordered pairs; the 
range is the set of second coordinates. For the relation above, 


Domai —{2-2-5, 2:75, 3, 3.5)4,4.5, 5} Range = (65, 70, 75, 78, 80, 85, 90} 


The graph of a relation is the graph of the S 
ordered pairs that belong to the relation. The 
graph of the relation given above is shown at 
the right. The horizontal axis represents the 
hours spent studying (the domain); the vertical 
axis represents the test score (the range). The 
axes could be labeled H for hours studied and S 
for test score. 


Score 





li 2 35 Ae 25 


Hours 


A function is a special type of relation for which no two ordered pairs have the 
same first coordinate. 


Definition of a Function 


A function is a relation in which no two ordered pairs that have 


the same first coordinate have different second coordinates. 
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The table at the right is the grading scale for a 100-point 
test. This table defines a relationship between the score 
on the test and a letter grade. Some of the ordered pairs of 
this function are (78, C), (97, A), (84, B), and (82, B). 





The grading-scale table defines a function, because no two ordered pairs can 
have the same first coordinate and different second coordinates. For instance, it 
is not possible to have the ordered pairs (72, C) and (72, B)—the same first coor- 
dinate (test score) but a different second coordinate (test grade). The domain of 
this function is {0, 1, 2,..., 99, 100}. The range is {A, B, C, D, F}. 


The example of hours spent studying and test score given earlier is not a func- 
tion, because (3, 78) and (3, 80) are ordered pairs of the relation that have the 
same first coordinate but different second coordinates. 


Consider, again, the grading-scale example. Note that (84, B) and (82, B) are or- 
dered pairs of the function. Ordered pairs of a function may have the same sec- 
ond coordinates, but not the same first coordinates. 


Although relations and functions can be given by tables, they are frequently 
given by an equation in two variables. 


The equation y = 2x expresses the relationship between a number, x, and 
twice the number, y. For instance, if x = 3, then y = 6, which is twice 3. To 
indicate exactly which ordered pairs are determined by the equation, the do- 
main (values of x) is specified. If x € {[—2, —1, 0, 1, 2}, then the ordered pairs 
determined by the equation are {(—2,.—4), (—1, —2), (0, 0), (1, 2))(2) 445 tits 
relation is a function because no two ordered pairs have the same first 
coordinate. 


The graph of the function y = 2x with domain 
{—2; —1, 0,1, 2] is shown’ at the wieht. Lhe hor 
zontal axis (domain) is labeled x; the vertical axis 
(range) is labeled y. 


The domaine (=2, —1, 0,01) 2}owas’ chosen arbi- 
trarily. Other domains could have been selected. 
The type of application usually influences the 
choice of the domain. 





For the equation y = 2x, we say that “y is a function of x” because the set of 
ordered pairs is a function. 


Not all equations, however, define a function. For instance, the equation 
|y| = x + 2 does not define y as a function of x. The ordered pairs (2, 4) and 
(2, —4) both satisfy the equation. Thus there are two ordered pairs with the same 
first coordinate but different second coordinates. 


Example 6 
The number of gold medals earned by 
several countries during the 1992 and 1996 


Olympic Summer Games are recorded in 
the following table. 


Write a relation in which the first coordinate 
is the number of gold medals earned in 1992 
and the second coordinate is the number 
earned in 1996. Is the relation a function? 


Solution 
{(37, 44), (6, 3), (16, 16), (6, 13), (8, 15), 
(33, 20)} 


No. The relation is not a function. The two 
ordered pairs (6, 3) and (6, 13) have the 
same first coordinate but different second 
coordinates. 


Example 7 
Doesiva=2-63,,where xe {=2,,—1, 1,3) 
define y as a function of x? 


Solution 

Determine the ordered pairs defined by the 
equation. Replace x in y = x* + 3 by the 
given values and solve for y. 


(2; 2); (tl, 4), (el 4), (3; 12)} 


No two ordered pairs have the same first 
coordinate. Therefore, the relation is a 
function and the equation y = x”? + 3 defines 
y as a function of x. 


Note that (—1, 4) and (1, 4) are ordered pairs 
that belong to this function. Ordered pairs 
of a function may have the same second 
coordinates but not the same first 
coordinates. 
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You Try It 6 

Five students decided to go on a diet and 
fitness program over the summer. Their 
weights (in pounds) at the beginning and 
end of the program are given in the table 
below. 


Beginning — End 
LG A() 
12 


Write a relation in which the first coordinate 
is the weight at the beginning of the summer 
and the second coordinate is the weight at 
the end of the summer. Is the relation a 
function? 


Your solution 


You Try It 7 
Does y = > + 1, where x € {—4, 0, 2}, 
define y as a function of x? 


Your solution 


Solutions on p. S11 
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* a ae 
Objective D_ To evaluate a function written in functional notation.............-..+. {38} | 


When an equation defines y as a function of x, functional notation is frequently 
used to emphasize that the relation is a function. In this case, it is common to 
use the notation f(x), where 


f(x) is read “f of x” or “the value of f at x.” 


For instance, the equation y = x* + 3 from Example 7 defined y as a function 
of x. The equation can also be written in functional notation as 


{Qi S 
where y has been replaced by f(x). 


The symbol f(x) is called the value of the function at x because it is the result 
of evaluating a variable expression. For instance, f(4) means to replace x by 4 
and then simplify the resulting numerical expression. 


f(x) =x? + 3 
{(4) =4 + 3 e Replace x by 4. 
= 16+ 3=19 


This process is called evaluating the function. 


=> Given f(x) = x* + x — 3, find f(=2). 
[B= xe 3 
feH2) = 2) rae 2) 3 ° Replace x by —2. 
=4-2-3=-1 


i weezer 


In this example, f(—2) is the second coordinate of an ordered pair of the func- 
tion; the first coordinate is —2. Therefore, an ordered pair of this function is 
(—2, f(—2)), which simplifies to (—2, —1). 


For the function given by y = f(x) =x* + x — 3, y is called the dependent 
variable because its value depends on the value of x. The independent variable 
iS'x: 


Functions can be written using other letters or even combinations of letters. For 
instance, some calculators use ABS(x) for the absolute-value function. Thus the 
equation y = |x| would be written ABS(x) = |x|, where ABS(x) replaces y. 





Example 8 You Try It 8 
Given G(t) = + find G(1). Given H(x) = —*., find H(8). 


Solution Your solution 


3t 
eos +4 


G(1) = ¢ Replace ft by 1. Then simplify. 


G(1) = 


Solution on p. S11 





4.1 Exercisés 
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Objective A 


1. Graph (—2, 1), (3, —5), 
(—2, 4), and (0, 3). 





4. Graph (-—4, 5), (—3, 1), 
(3, —4), and (5, 0): 


Sy 


_ 





Graph (5,.—1),,.(=3-—3), 3. 
(-1, 0), and (1, —1). 
y 


Graph (0, 0), (0, —5), 
(—3, 0), and (0, 2). 





Grapritesl) 4)3(o2n—3), 6. 
(0, 2), and (4, 0). 
y 


Graph (5, 2), (—4, —1), 
(0, 0), and (0, 3). 
, BY 





7. Find the coordinates of 


each of the points. 
y 





10. Find the coordinates of 


each of the points. 


8. 


11. 


Find the coordinates of 12. 
each of the points. 


Find the coordinates of 
each of the points. 


Find the coordinates of 9. 
each of the points. 
y 





Find the coordinates of 
each of the points. 
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13. 
LS: 
EP 
19. 
21. 
22. 


23. 
24. 
Zoe 
26. 
27. 


28. 


29. y=2x;x = -2, 


1 
Sz. Va lye 2 On 





Objective B 
Is (3, 4) a solution of y = —x + 7? 
Is (—1, 2) a solution of y =5% = |? 
Is (4, 1) a solution of 2x — 5y = 4? 


Is (0, 4) a solution of 3x — 4y = —4? 


14. 
16. 
18. 
20. 
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Is (2, —3) a solution of y = x + 5? 
Is (1, —3) a solution of y = —2x — 1? 
Is (—5, 3) a solution of 3x — 2y = 9? 


Is (—2, 0) a solution of x + 2y = —1? 


Find the ordered-pair solution of y = 3x — 2 corresponding to x = 3. 


Find the ordered-pair solution of y = 4x + 1 corresponding to x = —1. 


Find the ordered-pair solution of y = 


3 


eA corresponding to x = 6. 


Find the ordered-pair solution of y = =x — 2 corresponding to x = 4. 


Find the ordered-pair solution of y = —3x + 1 corresponding to x = 0. 
Find the ordered-pair solution of y = ax — 5 corresponding to x = 0. 
Find the ordered-pair solution of y = ex + 2 corresponding to x = —5. 


Find the ordered-pair solution of y = 


saib,.07 2 


6 


30. y= —2x;x = -2, 


eta: corresponding to x = 12. 


Graph the ordered-pair solutions for the given values of x. 


ze Oje2 
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Objective C 


35. The speeds of a car in miles per hour and the distance 
€ needed to stop at those speeds are recorded in the table 
at the right. Write a relation in which the first co- 
ordinate is the speed in miles per hour and the second 


coordinate is the distance needed to stop. Is the relation 
a function? 


36. The number of runs scored by the American League 

¢ and by the National League in each of the Major 
League Baseball All-Star Games from 1990 to 1997 are 
recorded in the table at the right. Write a relation in 
which the first coordinate is the number of runs scored 
by the American League and the second coordinate 
is the number of runs scored by the National League. 
Is the relation a function? 





37. The number of sunny days in a year in five 

¢ different cities and the average cost of a four- 
bedroom house (in thousands of dollars) in 
those cities is given in the table to the right. 
Write a relation in which the first compo- 
nent is the number of sunny days annually 
and the second component is the cost of a 
house. Is the relation a function? 


38. The budgets (in millions of dollars) for sev- 

¢ eral movies and the gross ticket sales (in mil- 
lions of dollars) are recorded in the table to 
the right. Write a relation in which the first 
component is the budget and the second 
component is the gross sales. Is the relation 
a function? 





39. Does y = —2x — 3, where 40. Does y= 2x + 3, where x €{-—2, —1, 1, 4}, 
x €{-2, -1, 0, 3}, define y as a function define y as a function of x? 
of x? 

Al. Does|y| =x — 1, wherex & (1, 2, 3,4}, 42... Does |y| =x + 2, where x € {—2, —1,0, 3}, 
define y as a function of x? define y as a function of x? 

43. Does y =x, where € [= 2) = 10 p15 a} AAte Does y = xtaen li wherexnc@ [2 jr 1,058, 2); 


define y as a function of x? define y as a function of x? 
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Objective D 

45. Given f(x) = 3x — 4, find f(4). 46. Given f(x) = 5x + 1, find f(2). 

47. Given f(x) = x’, find f(3). 48... Given {(x)= x7-= tjitind ((1). 

49. Given G(x) = x? + x, find G(—2). 50. Given H(x) = x? — x, find H(-2). 
4 ; 

51. Given s(t) =, find s(-2). 52. Given P(x) = 5s, find P(—2). 

53. Given h(x) = 3x? — 2x + 1, find h(3). 54. Given O(r) = 4r? — r — 3, find Q(2). 
| 2 : 

55. Given f(x) = mane find f(—3). 56. Given v(t) = ae find v(3). 

57. Given g(x) = x3 — x2 + 2x —7, findg(0). 58. Given F(z) = Sep find F(0). 

APPLYING THE CONCEPTS 

59. Suppose you are helping a student who is having trouble graphing 


f 


60. 


7 


61. 


7 


62. 


‘A 


ordered pairs. The work of the student is at the right. What can you 
say to this student to correct the error that is being made? 


Write a few sentences that describe the similiarities and differences be- 


tween relations and functions. 


The graph of y? = x, where x € {0, 1, 4, 9}, is shown at the right. Is this 


the graph of a function? Explain your answer. 


Is it possible to evaluate f(x) = as when x = 1? If so, what is f(1)? If 


not, explain why not. 
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Linear Equations in Two Variables 








as i 


Objective A To graph an equation of the form y = MX + Dicscccccsecsscsssesseseseseres (i3}) 


CALCULATOR NOTE The graph of an equation in two variables is a graph of the ordered-pair solu- 


Te ficioew acd Grou tions of the equation. 


= Activities at the end of Consider y = 2x + 1. Choosing x =-2, x 
this chapter contain ; 






(x, y) 







ifonnation on using —1, 0, 1, and 2 and determining the corre- 2( 22) a (325 3) 

calculators to graph an sponding values of y produces some of the _ 1 2) eat Ven 

equation. ordered pairs of the equation. These are 0 2(O)e (0, 1) 
recorded in the table at the right. See the 1 2( 1a (oe) 
graph of the ordered pairs in Figure 1. 2 Dera (2,5) 


Choosing values of x that are not integers produces more ordered pairs to 


De 
values of x would result in more and more ordered pairs being graphed. The 
result would be so many dots that the graph would appear as the straight line 
shown in Figure 3, which is the graph of y = 2x + 1. 


5 3 
graph, such as (-3 -4) and (5, 4), as shown in Figure 2. Choosing still other 





Figure 1 Figure 2 Figure 3 


Equations in two variables have characteristic graphs. The equation y = 2x + 1 
is an example of a linear equation, or linear function, because its graph is a 
straight line. It is also called a first-degree equation in two variables because the 
exponent on each variable is the first power. 


Linear Equation in Two Variables 


Any equation of the form y = mx + b, where mis the coefficient of 
x and bis a constant, is a linear equation in two variables or a 


first-degree equation in two variables. The graph of a linear equation 
in two variables is a straight line. 





Examples of linear equations are y=2x+1 (m = 2,b = 1) 
shown at the right. These equations y=x-4 (m= 1,b = —4) 
represent linear functions because anh? 3. mee nae 
there is only one possible y for each x. Uren 7 PAROS 

Note that for y = 3 — 2x, m is the y=3-2x (m = —2,b = 3) 


coefficient of x and b is the constant. 
The equation y = x* + 4x + 3 is not a linear equation in two variables because 


is not a linear 





3 
5 = a 
equation because a variable occurs in the denominator of a fraction. 


there is a term with a variable squared. The equation y = 
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TAKE NOTE 


If the three points you graph 
do not lie on a straight line, 
then either you have made an 
arithmetic error in calculating 
a point or you have plotted a 
point incorrectly. 


To graph a linear equation, find ordered-pair solutions of the equation. Do 
this by choosing any value of x and finding the corresponding value of y. 
Repeat this procedure, choosing different values for x, until you have found 
the number of solutions desired. 


Because the graph of a linear equation in two variables is a straight line, and 
a straight line is determined by two points, it is necessary to find only two 
solutions. However, it is recommended that at least three points be used to 
ensure accuracy. 







=p Graph y = 2x + 1. 


Choose any values of x, and then find corre- 
sponding values of y. The numbers 0, 2, and 
—] were chosen arbitrarily for x. It is conve- 
nient to record these solutions in a table. 





2(0) Fal 
PAG) er | 
2 seer 


Graph the ordered-pair solutions (0, 1), 
(2,5), and (—1, —1). Draw a line through the 
ordered-pair solutions. 





Remember that a graph is a drawing of the ordered-pair solutions of the equa- 
tion. Therefore, every point on the graph is a solution of the equation, and every 
solution of the equation is a point on the graph. 


The graph at the right is the graph of 
y=x+-2. Note: thatm(=4,—2) and (, 3) are 
points on the graph and that these points are so- 
lutions of y=x+2. The point whose coor- 
dinates are (4, 1) is not a point on the graph 
and is not a solution of the equation. 





When m is a fraction in the equation y = mx + b, choose values of x that will 
simplify the evaluation. 


=> Graph y = 3 as 


: i 1 
m is a fraction. (m = 4] 


Choose values of x that are multiples of 
the denominator. The numbers 0, 3, 
and —3 are used here. 
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Example 1 2S You Try It1 Graphy = 3x + 1. 


Solution . Your solution 


Example 2 Graph y = 2x. You Try It 2 


Solution % a Your solution 


Example3  Graphy = sx sly You Try It 3 


Solution : Your solution 





Objective B_ To graph an equation of the form Ax + By = C......ecccccceeeeeeeees | ¢)| 


An equation in the form Ax + By = C is also a linear equation. Examples of these 
equations are shown below. 


2x + 3y =6 A= 2,5 =s.. C= 6) 
x—-2y=-4 (A=) B==2,C = —4) 
2x +y=0 (A=2,B=1, C=0) 
4x — 5y =2 (At AB = — 5, C= 2) 


One method of graphing an equation of the form Ax + By = C involves first 
solving the equation for y and then following the same procedure used for 
graphing an equation of the form y = mx + b. To solve the equation for y 
means to rewrite the equation so that y is alone on one side of the equation and 
the term containing x and the constant are on the other side of the equation. 
The Addition and Multiplication Properties of Equations are used to rewrite 
an equation of the form Ax + By = C in the form y = mx + b. 


- 


ae 
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=> Solve the equation 3x + 2y = 4 fory. 


3x + 2y=4 © The equation is in the form Ax + By = C. 
3x30 Ly = ox ® Use the Addition Property of Equations to 
subtract the term 3x from each side of 
the equation. 


2y = —-3x + 4 e Simplify. Note that on the right side of the 
equation, the term containing x is first, 
followed by the constant. 


— 


1 

a 2y = 5 (- 3x + 4) e Use the Multiplication Property of Equations 
to multiply each side of the equation by the 
reciprocal of the coefficient of y. (The coeffi- 


1 
cient of y is 2; the reciprocal of 2 is + 


1 1 
y= 5 (34) a 54) ¢ Simplify. Use the Distributive Property on the 
right side of the equation. 


3 
a Boe aay © The equation is now in the form y = mx + b, 


with m= - and b= 2. 


In solving the equation 3x + 2y = 4 for y, where we multi- 2y = —3x + 4 


plied both sides of the equation by > we could have = stteds 
xv 
divided both sides of the equation by 2, as shown at the aay et 
right. In simplifying the right side after dividing both sides ¥ ~ 5 a a 
by 2, be sure to divide each term by 2. 3 
=-—-—x+2 
y 5% 
mp Graph 3x + 4y = 12. 
3xn+4y=12 ® Solve the equation for y. 
4y =-—3x + 12 ¢ Subtract 3x from each side of the equation. 
3 
Na aca rs * Divide each side of the equation by 4. 
ah ay Find three ordered-pair solutions of the equation. 
Ons 
4/0 
—-4|6 


© Graph the ordered pairs and then draw a line 
through the points. 





TAKE NOTE 


Any point on the x-axis has 
_ y-coordinate 0. Any point on the 
y-axis has x-coordinate 0. 


- The graph of the equation 2x + 3y = 6 is shown at 
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the right. The graph crosses the x-axis at the point 
(3, 0). This point is called the x-intercept. The graph 
also crosses the y-axis at the point (0, 2). This point 
is called the y-intercept. 


2+ x— intercept 





We can find the x-intercept and the y-intercept of the graph of the equation 
2x + 3y = 6 algebraically. 


To find the x-intercept, let y = 0. 2x + 3y = 6 
(Any point on the x-axis has y-coordinate 0.) 2x + 3(0) = 6 
2x =6 

x=3 


The x-intercept is (3, 0). 


To find the y-intercept, let x = 0. 2x + 3y = 6 
(Any point on the y-axis has x-coordinate 0.) 2(0) + 3y = 6 
3y = 6 
y=2 


The y-intercept is (0, 2). 


Another method of graphing an equation of the form Ax + By = C is to find 
the x- and y-intercepts, plot both intercepts, and then draw a line through the 
two points. This method of graphing the equation 3x + 4y = 12 is shown be- 
low. Note that this is the same equation graphed at the bottom of the previous 


page. 


=> Graph 3x + 4y = 12 by using the x- and y-intercepts. 


x-intercept: 3x + 4y = 12 


3x + 4(0) = 12 © To find the x-intercept, let y = 0. 
3x = 12 
x=4 e The x-intercept is (4, 0). 
y-intercept: 3x + 4y = 12 
3(0) + 4y = 12 © To find the y-intercept, let x = 0. 
4y = 12 
y=3 © The y-intercept is (0, 3). 


© Graph the ordered pairs (4, 0), and (0, 3). Draw 
a straight line through the points. 
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The graph of a linear equation with one of the variables missing is either a hor- 
izontal or a vertical line. 
The equation y = 2 could be written 0x + y = 2. Because Ox = 0 for any value of 


x, the value of y is always 2, no matter what value of x is chosen. For instance, 
replace x by —4, —1, 0, or 3. In each case, y = 2. 


Ox +y = 2 
0(-4) + y = 2 (—4, 2) is a solution. 
O(-1) +y =2 (—1, 2) is a solution. 
0(0) + y = 2 (0, 2) is a solution. 
0(3) +y =2 (3, 2) is a solution. 


The solutions are plotted in the graph to the right, 
and a line is drawn through the plotted points. Note 
that the line is horizontal. 





Graph of a Horizontal Line 


The graph of y = bis a horizontal line passing through (0, 5). 





The equation x = —2 could be written x + Oy = —2. Because Oy = 0 for any value 
of y, the value of x is always —2, no matter what value of y is chosen. For in- 
stance, replace y by —2, 0, 2, or 3. In each case, x = —2. 
x+ Oy = -2 
x 02) = —2 (—2, —2) is a solution. 

x + 0(0).= 2 (—2, 0) is a solution. 

x +302) =.= 2 (—2, 2) is a solution. 

tke OC) =.=2 (—2, 3) is a solution. 


The solutions are plotted in the graph at the right, 
and a line is drawn through the plotted points. Note 
that the line is vertical. 





Graph of a Vertical Line 


The graph of x = ais a vertical line passing through (a, 0). 





=> Graph x = —3 and y = 2 on the same coordinate grid. 


° The graph of x = —3 is a vertical line passing through 
(—3, 0). 


® The graph of y = 2 is a horizontal line passing through 
(0, 2). 





Example 4 
Solve the equation 2x — 5y = 10 for y. 
Then graph the equation. 


Solution 
2x — 5y = 10 
—5y = —2x + 10 


Example 5 
Find the x- and y-intercepts of 
x — 2y = 4. Graph the line. 


Solution 
x-intercept: 
x—-—2y=4 
x — 2(0) =4 
x=4 
(4, 0) 
y-intercept: 
x—-2y=4 
O0-2y=4 
—2y=4 
y=-2 
(02 =2) 


Example 6 
Graph y = —2. 


Solution 

The graph of an equation of the form 
y = bisa horizontal line passing 
through the point (0, 5). 


y 
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You Try It 4 
Solve the equation 5x — 2y = 10 fory. 
Then graph the equation. 


Your solution 


You Try It 5 
Find the x- and y-intercepts of 
x — 4y = —4. Graph the line. 


Your solution 


You Try It 6 
Graph x = —4. 


Your solution 


Solutions on p. S11 
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Objective C To solve application problems. .........::::ccccecersinertennteeenenee (3}) 


There are a variety of applications of linear functions. 


=> Solve: An installer of marble kitchen countertops charges $250 plus $180 per 
foot of countertop. The equation that describes the total cost, C, to have 
x feet of countertop installed is C = 180x + 250. 


a. Graph this equation for 0 = x = 25. (Note: In many applications, the 
domain of the variable is given so that the equation makes sense. For 
instance, it would not be sensible to have values of x that are less than 0. 
This would mean negative countertop! The choice of 25 is somewhat arbi- 
trary, but most kitchens have less than 25 ft of counter space.) 


b. The point whose coordinates are (8, 1690) is on the graph. Write a sen- 
tence that describes this ordered pair. 





Solution 

a. CONa ean ceca ® Choosing x = 0, 5, and 10, you find that the 
F_ 4000 fp oe corresponding ordered pairs are (0, 250), 
enor dee aa femal OE (5, 1150), and (10, 2050). Plot these points 
3 “vl and draw a line through them. 
S 1000|K5, 
(0, 250) 


fe sp he te ey 
Dl Ol TSe20825 
Feet 


b. The point whose coordinates are (8, 1690) means that 8 ft of countertop 
costs $1690 to install. 


Example 7 You Try It 7 

A local car dealer is advertising a 2-year A car is traveling at a uniform speed of 
lease for a new Honda Civic. The upfront 40 mph. The distance, d, that the car travels 
cost is $3000 with a monthly lease payment in ¢ hours is given by d = 40t. Graph this 

of $150. The total cost, C, after x months of equation for 0 = t = 5. The point whose 

the lease is given by C = 150x + 3000. coordinates are (3, 120) is on the graph. 
Graph this equation for 0 S$ x = 24. The Write a sentence that describes this 

point whose coordinates are (18, 5700) is on ordered pair. 

the graph. Write a sentence that describes 

this ordered pair. 


Solution Your solution 


Cc The ordered pair d 


(18, 5700) 4° (18, 5700) means 

ote Ee : that the total cost 
of the lease 
payments for 18 
months is $5700. 


Total Cost 
Distance (in miles) 





10 20 Eee eee et 
Months 123 45 
Time (in hours) 


Solution on p. S11 
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4.2 Exercises — 





Objective A 


Graph. 


Dye arex 3 20 2D 3. 








3 
4. 6. na eee, 
7. 9. 
10. y=-5243 11. y=2x-4 12, y=3x-4 
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14. y=x+2 15. y=—x +2 





2 








Objective B 


Find the x- and y-intercepts. 


19. x-y=3 20. 3x +4y = 12 21. 


Lye LO 


22. 3x+2y=12 23. 2x —3y=0 24. 3x + 4y=0 


Graph. 


25.) 30 y = 





27. 2k 3y = 6 


28. 
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3x + 2y=4 0" 29. x-2y=4 30. x -—3y=6 











31. 2x -3y=6 Sze on yn 33. 2x + 5y = 10 
34. 3x + 4y= 12 35. x=3 36. y= —-4 
37. x+4y=4 38. 4x — 3y= 12 39. y=4 


yy, 
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Objective C Application Problems 


40. A rescue helicopter is rushing at a constant speed of 150 mph to reach 
several people stranded in the ocean 11 mi away after their boat sank. 

Y The rescuers can determine how far they are from the victims using the 
equation D = 11 — 2.5t, where D is the distance in miles and ¢ is the 
time elapsed in minutes. Graph this equation for 0 = ¢t = 4. The point 
(3, 3.5) is on the graph. Write a sentence that describes the meaning of 
this ordered pair. 





fo aoa 


Minutes 


41. Acustom-illustrated sign or banner can be commissioned for a cost of 

Y $25 for the material and $10.50 per square foot for the artwork. The 
equation that represents this cost is given by y = 10.50x + 25, where y 
is the cost and x is the number of square feet in the sign. Graph this 
equation for 0 S x S 20. The point (15, 182.5) is on the graph. Write a 
sentence that describes the meaning of this ordered pair. 





AO 620%. 
Square feet 
42. According to some veterinarians, the age, x, of a dog can be translated 
A to “human years” by using the equation H = 4x + 16, where H is the 

human equivalent age for the dog. Graph this equation for 2 =x S 21. 
The point whose coordinates are (6, 40) is on this graph. Write a sen- 
tence that explains the meaning of this ordered pair. 


Human age 





43. One projection for the total value, V, of stocks that will be bought and 
Y sold over the Internet for the years 1997 through 2002 is given by the 





equation V = 380x + 300, where 0 = x = 5 and 0 corresponds to the ¥ 
year 1997. Graph the equation. The point whose coordinates are 3 
(3, 1440) is on the graph. Write a sentence that describes the meaning $% 
of this ordered pair. sé 
a i ae 
=P 00 a ees ns 
Years 
APPLYING THE CONCEPTS A a ae 


y 





44. Graph y = 2x — 2,y = 2x, andy = 2x + 3 in the first coordinate system 
Y at the right. What observation can you make about the graphs? 







45. For the equation y = 3x + 2, when the value of x changes from 1 to 2, 
does the value of y increase or decrease? What is the change in y? Sup- 
pose that the value of x changes from 13 to 14. What is the change in y? 






46. For the equation y = —2x + 1, when the value of x changes from 1 to 2, 
does the value of y increase or decrease? What is the change in y? Sup- 
pose the value of x changes from 13 to 14. What is the change in y? 






47. Graphy =x + 3,y = 2x +3, andy = 3x + 3 in the second coordi- 


Y nate system at the right. What observation can you make about the 
graphs? 
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Slopes of Straight Lines 
To find the slope of a straight lin@.........c.cccccccccseccscsessesesssssssssseeen Trap] 


The graphs of y = 3x + 2 andy = ox + 2 are shown at the left. Each graph 


crosses the y-axis at the point (0, 2), but the graphs have different slants. The 
slope of a line is a measure of the slant of the line. The symbol for slope is 2. 


The slope of a line containing two points is the ratio of the change in the y val- 
ues between the two points to the change in the x values. The line containing the 
points whose coordinates are (—1, —3) and (5, 2) is shown below. 


The change in the y values is the differ- . y 
ence between the y-coordinates of the two 
points. 


Change in y = 2 — (-—3) =5 


The change in the x values is the differ- 
ence between the x-coordinates of the two 
points. 





Change inx = 5 — (-1) =6 


The slope of the line between the two 
points is the ratio of the change in y to the 
change in x. 


_ changeiny 5 SAE 3) 


OPC be tiniheniscinle 16 ae ey. 6 


In general, if P,(x,, y,) and P,(,, y,) are two points on a line, then 


Change iny =y,—y, Change inx = x, — x, 


Using these ideas, we can state a formula for slope. 


Slope Formula 


The slope of the line containing the two points P,(x,, y,) and 
P,(x,, Yp) is given by 


m=2-“ y #x, 
x — % 





Frequently, the Greek letter A is used to designate the change in a variable. 
Using this notation, we can write the equations for the change in y and the 
change in x as follows: 

Change iny = Ay =y, —- 9, Change inx = Ax'= x, — x, 


‘ . A 
With this notation, the slope formula is written m = ee 
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=> Find the slope of the line containing the points 
whose coordinates are (—2, 0) and (4, 5). 


Let P, = (—2, 0) and P, = (4, 5). (It does not 
matter which point is named P, or P,; the slope 
will be the same.) 


TAKE NOTE sh eee Vari hege ON us 


Positive slope means that the fam Kye A awe 0 
value of y increases as the A line that slants upward to the right always has Positive slope 
value of x increases. ae 

a positive slope. 








=> Find the slope of the line containing the points 
whose coordinates are (—3, 4) and (4, 2). 


TAKE NOTE Peer yal 5374) and t= (eZ): 

Negative slope means that the Nea i AS 2 a 

value of ydecreases as the Ud ae Xo — Xy a (23) i 17 Ong 

value of x increases. Compare 

this to positive slope. A line that slants downward to the right always 





has a negative slope. 
Negative slope 


=» Find the slope of the line containing the points 
whose coordinates are (—2, 2) and (4, 2). 


LewP,, = (—2, 2). and P; = 4,2): 


Jon Mua? ee Db ai, 
A ee er 


A horizontal line has zero slope. 





Zero slope 


=> Find the slope of the line containing the points 
whose coordinates are (1, —2) and (1, 3). 


Let Py? (1, 2) andi. (it3)) 


We IV OC) © Se Noweiecal 
Me Ky 1-1 Q number 


The slope of a vertical line is undefined. 





Undefined 
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~ There are many applications of the concept of slope. Here are two possibilities. 


In 1988, when Florence Griffith-Joyner set the 
world record for the 100-meter dash, her average 
rate of speed was approximately 9.5 m/s. The 
graph at the right shows the distance she ran 
during her record-setting run. From the graph, 
note that after 4 s she had traveled 38 m and that 
after 6 s she had traveled 57 m. The slope of the 
line between these two points is 


57 -— 38 19 
ese ee 


Note that the slope of the line is the same as the rate 
she was running, 9.5 m/s. The average speed of an 
object is related to slope. 


Here is another example, this one related to the world of finance. 


The number of banks in the United . y 

States has been decreasing as a con- a3 16 

sequence of bank mergers. The graph cm : 12 

at the right shows the number of 52 8 

banks in the United States from 1990 Es aie 
0 





to 1997. The numbers have been 
rounded to the nearest hundred. 


According to the graph, the number of 
banks in 1990 was 15,200, and the 
number of banks in 1997 was 11,000. 
The slope of the line between the two 
points is 


& 11,000 — 15,200 _ 4200 _ 600 
1997 — 1990 fl 





Note that if we interpret negative slope 
as decreasing, then the slope of the 
line is the same as the rate at which 
the number of banks decreased from 
1990 to 1997, 600 per year. 


Meters 


(1990, 15,200) 


(1997, 11,000)... 


'90 '92 '94 '96 '98 


Years 





Seconds 


In general, any quantity that is expressed by using the word per is represented 
mathematically as slope. In the first example, slope was 9.5 meters per second; 


in the second example, slope was — 600 per year. 
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Distance 
(in thousands of feet) 
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Example 1 
Find the slope of the line containing the 
points (2, —5) and (—4, 2). 


Solution 
Let P, = (2, —5) and P, = (—4, 2). 
oun 2,2, (— Sa 7 


OB a SSS SS 


Xk; | 4 — 2 BS 


i 
The slope is — me 


Example 2 
Find the slope of the line containing the 
points (—3, 4) and (5, 4). 


Solution 
EetP, —'(—3) 4) and P, = (5,4). 
¥2 = V1 He 4 0 


= 4 = — — =—- = (0 
ESA GS)ow 8 


The slope of the line is zero. 


Example 3 

The graph below shows the height of a plane 
above an airport during its 30-minute 
descent from cruising altitude to landing. 
Find the slope of the line. Write a sentence 
that explains the meaning of the slope. 


Solution 


25 — 10 lS 
=1000 


w 
oO 


A slope of —1000 means 
that the height of the 
plane is decreasing at the 
rate of 1000 ft/min. 


10020030 
Time (minutes) 


_ 5000 — 20,000 _ —15,000 


You Try It 1 
Find the slope of the line containing the 
points (4, —3) and (2, 7). 


Your solution 


You Try It 2 
Find the slope of the line containing the 
points (6, —1) and (6, 7). 


Your solution 


You Try It 3 

The graph below shows the approximate 
decline in the value of a used car over a 
five-year period. Find the slope of the line. 
Write a sentence that states the meaning of 
the slope. 


Your solution 


Value of car (in dollars) 


Years old 


Solutions on pp. S11-S12 





Be Nea eee a erable onl eS esa ac 


RAN 
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Objective B“To graph a line using the slope and the y-intercept...................+. {14} ) 


TAKE NOTE 


When graphing a line by 
using its slope and 
y-intercept, always start at 
the y-intercept. 


Recall that we can find the y-intercept of a linear equation by letting x = 0. 
=> Find the y-intercept of y = 3x + 4. 

y=3x+4=3(00)+4=4 * Letx=0. 

The y-intercept is (0, 4). 


For any equation of the form y = mx + b, the y-intercept is (0, b). 


2 
The graph of the equation y = 3x + Lis shown at 


the right. The points (—3, —1) and (3, 3) are on 
the graph. The slope of the line between the two 
points is 

ae ey ae 


MT BE (35° 6 BS 
Observe that the slope of the line is the coeffi- 





: ; : 2 
cient of x in the equation y = 3x + 1. 


Slope-Intercept Form of a Straight Line 


An equation of the form y = mx + bis called the slope—intercept 
form of a straight line. The slope of the line is m, the coefficient of x. 
The y-intercept is (0, b), where bis the constant term of the 
equation. 





The following equations are written in slope-intercept form. 


y=2x—-—3 Slope = 2, y-intercept = (0, —3) 

y= x 2 Slope = —1 (—x = —1x), y-intercept = (0, 2) 
1 1 

asee! Slope = 5" y-intercept = (0, 0) 


When the equation of a straight line is in the form y = mx + b, the graph can 
be drawn by using the slope and the y-intercept. First locate the y-intercept. 
Use the slope to find a second point on the line. Then draw a line through the 
two points. 


mp Graph y = 4 — 4 by using the slope and y-intercept. 


The slope is the coefficient of x: 


5 change in y 
= = 
3 change inx 


The y-intercept is (0, —4). 
Beginning at the y-intercept (0, —4), move 


right 3 units (change in x) and then up 5 units 
(change in y). 


The point whose coordinates are (3, 1) is a 
second point on the graph. Draw a line 
through the points (0, —4) and (3, 1). 
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=> Graph y = 2x — 3. 
y-intercept = (0, b) = (0, —3) 
2 _ change iny 


= » =— 
ie 1 change inx 


Beginning at the y-intercept, move 
right | unit (change in x) and then 
up 2 units (change in y). 


(1, —1) is a second point on the 
graph. 


Draw a line through the two points 
(O;,—3)iand- (ly—1), 


Example 4 Graph y = —x + 1 by using You Try It 4 


Solution 


Example 5 


Solution 


the slope and y-intercept. 


y-intercept = (0, b) = (0, 1) Your solution 
BR =D 

i 
3 3 


Graph 2x — 3y = 6 by using the You Try It 5 
slope and y-intercept. 


Solve the equation for y. Your solution 
2x — 3Vy =6 
Syl 2 6 


Z 
ry ere 


y-intercept = (0, —2);m = 


y 








Graph y = ix — 1 by using 
the slope and y-intercept. 








Graph x — 2y = 4 by using 
the slope and y-intercept. 








Solutions on p. S12 
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4.3 Exercises 


ae cee Oe 6 eae es 10) 6 Ge ae) levee « (6 6 6; (e560) 6 @ @5 8 © © ‘8 6 0 10-6 @€ 0 © © ef 0 @ {6 © 0 © © 06 “0 © e © 3 © 6 





Objective A 


Find the slope of the line containing the points. 


LF, 3),?3(3; 1) 25 SP 3) ,P3(5,'1) 52 Pty 4) ee, 5) 
4. P.(3;—2), P31, 4) 5... P(-1, 3), P,(-4, 5) 6. Pil 2)P (3) 
7. P,(0, 3), P,(4, 0) 8. P20), 2,03) 9) P2422) 
10: P14; 1), P,(4, —3) ieee (2.5) ceo 2) 12, Pai eet 2) 
bee 23) .P;(— 1,3) 14. P,(3, 4), P,(0, 4) 15. P,(0, 4), P,(—2, 5) 
foaee (2, 3),P;(—245) 17S PH 3; =1), P34) 18) °P,(=2;'=5); P}(—4;=1) 


19. One measure of the affordability of a home for a given population is the 

percent of the population that has the necessary income to purchase a 

¥ median-priced new home ($136,000 in 1996). The graph at the right 

p, shows the decrease in the percent of the population that can afford a 

¢ new home. Find the slope of the line and write a sentence that states its 
meaning. 


Percent 





1976 1986 1996 


Years 
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20. The graph at the right shows the cost, in dollars, to make a transatlantic 
y telephone call. Find the slope of the line. Write a sentence that states the 
meaning of the slope. 


Cost (in dollars) 


N 





21. a. The pressure, in pounds per square inch, on a diver is shown in the 
y graph at the right. Find the slope of the line. Write a sentence that 
explains the meaning of the slope. 


Pressure 


b. What does the y-intercept represent? 





20 40 60 80 
Depth (in feet) 


22. The stratosphere extends from approximately 11 km to 50 km above 

y Earth. The graph at the right shows how the temperature in degrees 
Celsius changes in the stratosphere. Explain the meaning of the hori- 
zontal line segment from A to B. Find the slope of the line from B to C 
and explain its meaning. 


Degrees (°C) 








Objective B 


23. Explain why y = mx + b is called the slope-intercept form of the equa- 
y tion of a straight line. 


24. Do all straight lines have a y-intercept? If not, give an example of one 
that does not. 


25. If two lines have the same slope and the same y-intercept, must the 
graphs of the lines be the same? If not, give an example. 


Graph by using the slope and y-intercept. 


26. y=3x+1 21. y= = 2 
y 
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29. y= Seti 





32. x-—2y=4 33. x+3y=6 





35. y=7x 36. y= =—x%-+ 1 37.4 = 458 


3x — 4y = 12 39. 5x — 2y = 10 
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APPLYING THE CONCEPTS 


Complete the following sentences. 


41. Ifa line has a slope of 2, then the value of y increases/decreases by 
as the value of x increases by 1. 


42. Ifaline has a slope of —3, then the value of y increases/decreases by 
as the value of x increases by 1. . 


43. Ifa line has a slope of —2, the the value of y increases/decreases by 
as the value of x decreases by 1. 


44. Ifa line has a slope of 3, then the value of y increases/decreases by 
as the value of x decreases by 1. 


x 
3 
What observations can you make about the x- and y-intercepts of these 
graphs and the coefficients of x and y? 


oe Mase Tor ae ae 
45. Draw the graphs of a. pao! bes ae C5 5 eel 


d. Use this observation to draw the graph of 


TENT 
pe 


o 
4 





46. What does the highway sign at the right have to do with slope? 


Determine the value of k such that the points whose coordinates are given 
below lie on the same line. 





47. (3, 2), (4, 6), (5, k) AS (23) O) Ke 2) 
49 Wical) Onl), 22) 50. (4, —1), (3, —4), (k, k) 


51. Explain how to graph the equation of a straight line by using its slope 
Y and a point on the line. 
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Equations of Straight Lines 









te Ee 1 


Objective A_ To find the equation of a line given a point and the slope........... (>) 


In earlier sections, the equation of a line was given and you were asked to deter- 
mine some properties of the line, such as its intercepts and slope. Here, the 
process is reversed: Given properties of a line, determine its equation. 


If the slope and y-intercept of a line are known, the equation of the line can be 
determined by using the slope-intercept form of a straight line. 


=> Find the equation of the line with slope -> and y-intercept (0, 3). 
y=mx+b e Use the slope-intercept formula. 


1 
Ia TS + m= —5;(0, 6) = (0,3), s0b=3. 


. ; 3 1 
The equation of the line is y = 5h 13. 


When the slope and the coordinates of a point other than the y-intercept are 
known, the equation of the line can be found by using the formula for slope. 


Suppose a line passes through the point (3, 1) and 
has a slope of =. The equation of the line with these 


properties is determined by letting (x, y) be the 
coordinates of an unknown point on the line. 
Because the slope of the line is known, use the 
slope formula to write an equation. Then solve 











for y. 
eae Wye e wotee fete im ite 
eS 3 3 X — x, a m, m= 3 (x,, Y,) =F (x, yi: (x, y,) = (3, 1) 
oil 2 ’ 
eaee sce (4 ct) e Multiply each side by (x — 3). 
Kae 3 3 
2 . « 
ioe le aa 2 ° Simplify. 
2 
a 1 * Solve for y. 


2 
The equation of the line is y = 5x — 1. 


The same procedure that was used above is used to derive the point-slope 
formula. We use this formula to determine the equation of a line when we are 
given the coordinates of a point on the line and the slope of the line. 


Let (x,, y,) be the given coordinates of a point on a line, m the given slope of the 
line, and (x, y) the coordinates of an unknown point on the line. Then 


Ya Nie m e Formula for slope. 
pam 2 C4) = 1 —xX,) e Multiply each side by x — x,. 


ll 


mx — x) © Simplify. 


_ 


Veet Vas 
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Point-Slope Formula 


If (x,, y,) is a point on a line with slope m, then y — y, = m(x — x,). 





=» Find the equation of the line that passes through point (2, 3) and has 


slope —2. 
Ver Van ede = X,) ¢ Use the point—-slope formula. 
oa ey) «m= —2;(x,, y,) = (2,3) 
y—3=-2x+4 ® Slope for y. 

yey 
The equation of the line is y = —2x + 7. 


Example 1 You Try It 1 

Find the equation of the line whose slope Find the equation of the line whose slope is 
5 : : 
is ~§ and whose y-intercept is (0, —1). 3 and whose y-intercept is (0, 2). 
Solution Your solution 
Because the slope and y-intercept are 
known, use the slope-intercept form 
of a straight line, y = mx + b. 
2 

i) _- 1 ® =-—-—' = 
y 3 x m 3! b 1 
Example 2 You Try It 2 
Use the point-slope formula to find the Use the point-slope formula to find the 
equation of the line that passes through the equation of the line that passes through 


point (—2, —1) and has slope .. the point (4, —2) and has slope =. 


Solution Your solution 
Bey a 


Bee aes. 
y- (I =5e- (2) + m=5 


y a 1 = (x 4. 2) (x, y,) = (—2, —1) 


3 
Digialss aa 2 


5 
Naas hae 


j ; ‘ 3 
The equation of the line is y = 5h + 2. 
Solutions on p. S12 





Objective B_ To find the equation of a line given two points (5p) 
seeueccerrenenenneneenusesee HIM? | 


The point-slope formula is used to find the equation of a line when a point on 
the line and the slope of the line are known. But this formula can also be used to 
find the equation of a line given two points on the line. In this case, 


1. Use the slope formula to determine the slope of the line between the points. 


2. Use the point-slope formula, the slope you just calculated, and one of the 
given points to find the equation of the line. 
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_.-™ Find the equation of the line that passes through the points whose coordi- 
nates are (—3, —1) and (3, 3). 


Use the slope formula to determine the slope of the line between the points. 


See Toe ered os gt 3 eit 7 
a xX ark 3- (—3) a 6 oo 3 (x, y,) = ( 3, 1); (x, Yp) = (3, 3) 


Use the point-slope formula, the slope you just calculated, and one of the 
given points to find the equation of the line. 


Via = eX; ) ¢ Point-slope formula 


2 2 
ee aie (9)! s m= 3 (x, 4) = (—3, —1) 
y+1= =(x + 3) 


Z 
eae ate 


2, 

TAKE NOTE Ve ae el 
You can verify that the equation 
ye ax+ 1 passes through y= ox stall y= oa a 
the points (—3, —1) and (3, 3) 2 2 
by substituting the coordinates —1 | =(-3)+1 © (x, y) = (—3, —1) 344 =(3)4+1 @ (x, y) = (3, 3) 
of these points into the 3 3 
equation. lat je Seal Omieo ctl 

2f'= 1 3=3 


' : : : 2 
The equation of the line that passes through the two points is y = 3x + NV 


Example 3 You Try It 3 
Find the equation of the line that passes Find the equation of the line that passes 
through the points (—4, 0) and (2, —3). through the points (—6, —1) and (3, 1). 


Solution Your solution 
Find the slope of the line between the two 
points. 


Use the point-slope formula. 


¢ Point-slope formula 
Vy, = mx — x,) 


1 
y —0 = -4 fx - (-4)] 


1 
=n os (x, y;) = (4, 0) 


1 
yon 5 +4) 
y=-5x-2 


The equation of the line is y = — 5 ae 


Solution on p. S12 





Pounds 
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100 


50 


1 
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Objective C To solve application problems. ..........:0:ccccccccsesesscssencscseensesssenneesees C5} 


Z 3 
Inches 





Sey 


A linear model is a first-degree equation that is used to describe a relationship 
between quantities. In many cases, a linear model is used to approximate 
collected data. The data are graphed as points in a coordinate system, and then 
a line is drawn that approximates the data. The graph of the points is called a 
scatter diagram; the line is called a line of best fit. 


Consider an experiment to determine the weight required to stretch a spring a 
certain distance. Data from such an experiment are shown in the table below. 





The accompanying graph shows the scatter diagram, which is the plotted points, 
and the line of best fit, which is the line that approximately goes through the 
plotted points. The equation of the line of best fit is y = 25.7x — 1.3, where x is 
the number of inches the spring is stretched and y is the weight in pounds. 


The table below shows the values that the model would predict to the nearest 
tenth. Good linear models should predict values that are close to the actual values. 
A more thorough analysis of lines of best fit is undertaken in statistics courses. 





Example 4 

The data in the table below show the size 
of a house in square feet and the cost to 
build the house. The line of best fit is 

y = 70.3x + 41,100, where x is the number 
of square feet and y is the cost of the house. 


Graph the data and the line of best fit in the 
coordinate system below. Write a sentence 
that describes the meaning of the slope of 
the line of best fit. 


Solution 


, ot ieeendecee LOC Slope, of te 

RTE. - line means that the 
cost to build the 
house increases 
$70.30 for each 
additional square 
foot in the size of 
the house. 


ZOOOOO| seamen 


Cost (in dollars) 


1000 2000 
Square feet 


You Try It 4 

The data in the table below show a reading 
test grade and the final exam grade in a 
history class. The line of best fit is 

y = 8.3x — 7.8, where x is the reading test 
score and y is the history test score. 


Graph the data and the line of best fit in the 
coordinate system below. Write a sentence 
that describes the meaning of the slope of 
the line of best fit. 


Your solution 


y 


History score 


4 8 12 
Reading score 


Solution on p. 





4.4 Exercises’ _ 


en ee ere ena eee Sele ele enter sere Cle) 66) (6) 6) le 6) 18 © © jeter 0 «@ © 6 o ce- 0 © © ©, 0 © @ © © © © 8 © 0 * © 6 6 & 8 





11. 


Objective A 


Find the equation of the line that con- 
tains the point (0, 2) and has slope 2. 


Find the equation of the line that con- 
tains the point (—1, 2) and has slope —3. 


Find the equation of the line that con- 


tains the point (3, 1) and has slope : 


Find the equation of the line that con- 


tains the point (4, —2) and has slope =. 


Find the equation of the line that con- 


tains the point (5, —3) and has slope -2. 


Find the equation of the line that con- 


1 
tains the point (2, 3) and has slope ie 


10. 


12. 
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Find the equation of the line that contains 
the point (0, —1) and has slope —2. 


Find the equation of the line that contains 
the point (2, —3) and has slope 3. 


Find the equation of the line that contains 


the point (—2, 3) and has slope } 


Find the equation of the line that contains 


the point (2, 3) and has slope —>. 


Find the equation of the line that contains 


the point (5, —1) and has slope : 


Find the equation of the line that contains 


the point (—1, 2) and has slope — . 
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13. 


15. 


17. 


19. 


21. 





23: 


Objective B 


Find the equation of the line that passes 
through the points (1, —1) and (—2, —7). 


Find the equation of the line that passes 
through the points (—2, 1) and (1, —5). 


Find the equation of the line that passes 
through the points (0, 0) and (—3, —2). 


Find the equation of the line that passes 
through the points (2, 3) and (—4, 0). 


Find the equation of the line that passes 
through the points (—4, 1) and (4, —5). 


Find the equation of the line that passes 
through the points (—2, 1) and (2, 4). 


— 


14. 


16. 


18. 


20. 


22. 


24. 
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Find the equation of the line that passes 
through the points (2, 3) and (3, 2). 


Find the equation of the line that passes 
through the points (—1, —3) and (2, —12). 


Find the equation of the line that passes 
through the points (0, 0) and (—5, 1). 


Find the equation of the line that passes. 
through the points (3, —1) and (0, —3). 


Find the equation of the line that passes 


through the points (—5, 0) and (10, —3). 


Find the equation of the line that passes 
through the points (3, —2) and (—3, oe 
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Objettive C Application Problems 


25. The data in the table below are estimates that a study projected for the 

, number of hours, on average, a person will spend watching “basic 
cable” television channels each year. The line of best fit is 
y = 12.9x + 332, where x is the year (with x = 0 corresponding to 1990) 
and y is the number of hours per person. 








Graph the data and the line of best fit in the coordinate system at the 
right. Write a sentence that describes the meaning of the slope of the 
line of best fit. 


The data in the table below show the projected median annual income 
for a four-person family during different years. The line of best fit is 
y = 1460x + 47,016, where x is the year (with x = 0 corresponding to 
1994) and y is the annual income. 








Graph the data and the line of best fit in the coordinate system at the 
right. Write a sentence that describes the meaning of the slope of the 
line of best fit. 


The data in the table below show the number of visitors (in millions) to 
U.S. national parks during different years. The line of best fit is 
y = —2.1x + 275, where x is the year (with x = 0 corresponding to 
1992) and y is the number of visitors in millions. 








Graph the data and the line of best fit in the coordinate system at the 
right. Write a sentence that describes the meaning of the slope of the 
line of best fit. 


The data in the table below show the average lifetime for women in the 
United States during different years. The line of best fit is y = 0.2x + 73, 
where x is the year (with x = 0 corresponding to 1960) and y is the 
length of the lifetime in years. 








line of best fit. 


Hours 


Median Income 


Visitors (in millions) 


Age (in years) 


500 
400 
300 
200 
100 









ON 2A Ossie 0) 
Years 
x = 0 corresponds to 1990 


50,000 |. 
40,000 | 
30,000 | 
20,000 
10,000 





(0) 1 2932 94505 
Years 
x = 0 corresponds to 1994 


215) 
270 
265 
260 





0 1> 2053 24 
Years 
x = 0 corresponds to 1992 


80 
60 
40 
20 





0 10 20 30 40 
Years 
x = 0 corresponds to 1960 
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APPLYING THE CONCEPTS 


In Exercises 29 to 32, the first two given points are on a line. Determine 
whether the third point is on the line. 


29237 2) 4); (120) 30. (2-2) (3,4), Ly) 


Sie 5), (1,3): (eo) 32.3 ed), (Oma Gla) 


33. If (—2, 4) are the coordinates of a point 34. If (3, 1) are the coordinates of a point on the 
on the line whose equation is y = mx + 1, line whose equation is y = mx — 3, what is 
what is the slope of the line? the slope of the line? 


35. If (0, —3), (6, —7), and-(G, n)-are'coordi- 36. If (—4, 11), (2, —4), and (6, ”) are coordinates 
nates of points on the same line, deter- of points on the same line, determine n. 
mine n. 


oom 





The formula y — y, = rae — x,), where x, # x,, is called the two- 
1 


point formula for a straight line. This formula can be used to find the 
equation of a line given two points. Use this formula for Exercises 37 
and 38. 


37. Find the equation of the line passing 38. Find the equation of the line passing through 


through (—2, 3) and (4, —1). (3, —1) and (4, —3). 


39. Explain why the condition x, # x, is placed on the two-point formula 
Y given above. 


40. Explain how the two-point formula given above can be derived from 
Y the point-slope formula. 
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Parallel and Perpendicular Lines 





Objective A To find parallel and perpendicular lineS............00..:.cccccscc0sceseeseeeeees (a) [Far 


Two lines that have the same slope do not intersect and are called parallel 
lines. 


The slope of each of the lines at the right is =. 


The lines are parallel. 





Slopes of Parallel Lines 


Two nonvertical lines with slopes of m, and m, are parallel if and 


only if m, = m,. Any two vertical lines are parallel. 





=> Is the line containing the points (—2, 1) and (—5, —1) parallel to the line that 
contains the points (1, 0) and (4, 2)? 


m, = Rempel eo A. ° Find the slope of the line through (—2, 1) and 
oS 2) 9 = 3 3 epee: 
(—5, —1). 
mM, = —' = : e Find the slope of the line through (1, 0) and (4, 2). 


Because m, = m.,, the lines are parallel. 

=> Find the equation of the line that contains the point (2, 3) and is parallel to 
the line y = xt — 4, 
The slope of the given line is 7 Because parallel lines have the same slope, 


the slope of the unknown line is also a 


2 
vey nk — x3) e Use the point-slope formula. 
y-3=5@-2) © m= 5.x, 4) = (23) 
= 3 =x ul © Simplify. 
ye > me e Write the equation in the form 
y= mx-+ b. 


é 1 
The equation of the line is y = 5x + 2. 
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tangent line 


=» Find the equation of the line that contains the point (—1, 4) and is parallel to 
the line 2x — 3y = 5. 


Because the lines are parallel, the slope of the unknown line is the same as 
the slope of the given line. Solve 2x — 3y = 5 for y and determine its slope. 


2%) = Sy. = 
Oy =e tS 
2, 5 
ee 


2 ae 
The slope of the given line is 3: Because the lines are parallel, this is the 


slope of the unknown line. Use the point-slope formula to determine the 


equation. 
y= y, = me —x,) « Use the point-slope formula. 

2 2 
Ue erage sa lea) © m= 3. (%%) = (-1,4) 

2 2 
y-4= 3¢ te 3 @ Simplify. 

2 14 3 oe 

y= 3% tr - ® Write the equation in the form y = mx + b. 
2 14 

The equation of the line is y = ane 


Two lines that intersect at right angles are perpendicular lines. 


Any horizontal line is perpendicular to any 
vertical line. For example, x = 3 is perpen- 
dicular to y = —2. 





Slopes of Perpendicular Lines 


If m, and m, are the slopes of two lines, neither of which is vertical, 
then the lines are perpendicular if and only if m, - m, = —1. 


A vertical line is perpendicular to a horizontal line. 





: : 1 : : 
Solving m, +m, = —1 for m, gives m, = =a This last equation states that the 
2 


slopes of perpendicular lines are negative reciprocals of each other. 


= Is the line that contains the points (4, 2) and (—2, 5) perpendicular to the line 
that contains the points (—4, 3) and (—3, 5)? 


De 5 1 
m,= =e = A = a ¢ Find the slope of the line through (4, 2) and (—2, 5). 
en ee Find the sl i 
2° eet ind the slope of the line through (—4, 3) and (—3, 5). 
1 
m,:m,= ~ 5%) => ¢ Find the product of the two slopes. 


Because m, -m, = —1, the lines are perpendicular. 
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ge 


=» Are the graphs of the equations 3x + 4y = 8 and 8x + 6y = 5 perpen- 
dicular? 


To determine whether the lines are perpendicular, solve each equation for y 


and find the slope of each line. Then use the equation mm, => 1. 
3x + 4y=8 ~ 8x + 6y =5 
A Oa 8 6y = —8x +5 
3 4 5 + 
Era ar iA TS 3b by e0 3 
: ea <4 
m,° m, = i ea =] 
Because m, -m, = 1 # —1, the lines are not perpendicular. 


=> Find the equation of the line that contains the point (—2, 1) and is perpen- 
dicular to the line y = — =a aes 


The slope of the given line is — =. The slope of the line perpendicular to the 


: : A : : Dy : wd 
given line is the negative reciprocal of “Bs which is 5. 


2 

Veal mes xy) e Use the point—-slope formula. 

3 3 
ame 1 a =a (=2)] - m= 5. (% 4) = (—2, 1) 

3 
ee ik > ¢ Write in the form y = mx + b. 

5 

Jo Ee +4 
3 

The equation of the perpendicular line is y = ax + 4. 


=> Find the equation of the line that contains the point (3, —4) and is perpen- 
dicular to the line 2x — y = —3. 


2 y= 5 e Find the slope of the given line. 
=v ox 5 
y= 2xn + 3 The slope is 2. The slope of the line 
1 
perpendicular to this line is — 7 
yaa, =Imn(« —X;) © Use the point-slope formula. 
1 1 
eg an )) ° m= — 5, (Xp Ky) = (3, 4) 
1 3 ae 
Vine Ghent 2 ot Vy ¢ Write in the form y = mx + b. 
1 ) 
= 7 — 
a ager) 


Nie 
3 
NI 


The equation of the perpendicular line is y = — 
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Example 1 

Is the line that contains the points 

(—4, 2) and (1, 6) parallel to the line that 
contains the points (2, —4) and (7, 0)? 


Solution 
OS® 
(oc ae 


m 


The lines are parallel. 


Example 2 
Are the lines 4x — y = —2 and 
x + 4y = —12 perpendicular? 


Solution 
4x —-y=-2 
== 4 2 
y=4x+2 


x+4y=-12 
ay— =e 12 


1 
ea eo 


1 
mom =4{-4)=-1 


The lines are perpendicular. 


Example 3 
Find the equation of the line that 
contains the point (3, —1) and is parallel 


to the line y = 1 en 


Solution 
Vis aa ee) 


3 
y= (1) = Ges) 


ee 
Sen 
y aD 


sone 


pit a) 


é ; : 3 11 
The equation of the line is y = 5 


You Try It 1 

Is the line that contains the points (—2, —3) 
and (7, 1) perpendicular to the line that 
contains the points (4, 1) and (6, —5)? 


Your solution 


You Try It 2 
Are the lines 5x + 2y = 2 and 5x + 2y = —6 
parallel? 


Your solution 


You Try It 3 
Find the equation of the line that contains 
the point (—2, 2) and is perpendicular to 


the line y = ax = 33 


Your solution 


Solutions on pp. S12-S13 








4.5 Exercises 


6) S18: 8 le) oe ‘cme 
eS oe ee el ken Snel geese) lave ie) (6. (een eis) @) © j@: 6 .6-e-e © © 8 6 © 6 © @ © © © o © 6 oF 6 © ome © © « @ 8 





i. 


13. 


15. 


Ly. 





Objective A 
Is the line x = —2 perpendicular.to the 
line y = 3? 
Is the line x = —3 parallel to the line 
1 
a! 


Is the line y = ox — 4 parallel to the line 


y=-5x-4? 


Is the line y = ax — 2 perpendicular to 


the line y = — =x a> 


Are the lines 2x + 3y = 2 and 
2x + 3y = —4 parallel? 


Are the lines x — 4y = 2 and 4x + y = 8 
perpendicular? 


Is the line that contains the points (3, 2) 
and (1, 6) parallel to the line that con- 
tains the points (—1, 3) and (—1, —1)? 


Is the line that contains the points (—3, 2) 
and (4, —1) perpendicular to the line that 
contains the points (1, 3) and (—2, —4)? 


Is the line that contains the points (—5, 0) 
and (0, 2) parallel to the line that con- 
tains the points (5, 1) and (0, —1)? 


10. 


12. 


14. 


16. 


18. 
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Is the line y = ; perpendicular to the line 
y=\74? 


Is the line x = 4 parallel to the line x = —4? 


Is the line yi =5—2< 14 ‘ parallel to the line 
Vi 20 ee 


; 1 3 : 
Is the line y = pees perpendicular to the 
; 1 3 
Soa 29 
line y Stas 


Are the lines 2x — 4y = 3 and 2x + 4y = —3 
parallel? 


Are the lines 4x — 3y = 2 and 4x + 3y = —7 
perpendicular? 


Is the line that contains the points (4, —3) 
and (2, 5) parallel to the line that contains the 
points (—2, —3) and (—4, 1)? 


Is the line that contains the points (—1, 2) 
and (3, 4) perpendicular to the line that con- 
tains the points (—1, 3) and (—4, 1)? 


Is the line that contains the points (3, 5) and 
(—3, 3) perpendicular to the line that con- 
tains the points (2, —5) and (—4, 4)? 
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19. Find the equation of the line containing 20. Find the equation of the line containing 
the point (—2, —4) and parallel to the line the point (3, 2) and parallel to the line 
2x — 3y = 2. Bx vie 3% 

21. Find the equation of the line containing 22. Find the equation of the line containing 
the point (4, 1) and perpendicular to the the point (2, —5) and perpendicular to the 


line y = —3x + 4. line y = 3x - 4. 


23. Find the equation of the line containing 24. Find the equation of the line containing the 
the point (—1, —3) and perpendicular to point (—1, 3) and perpendicular to the line 
the line 3x — 5y = 2. 2x + 4y = —-1. 


APPLYING THE CONCEPTS 


25. Explain how to determine whether the graphs of two lines are parallel. 


26. Explain how to determine whether the graphs of two lines are per- 


Y pendicular. 


27. Ifthe graphs of A,x + B,y = C, and A,x + B,y = C, are perpendicular, 


Ane 
express B, in terms of A, and B,. 


28. Ifthe graphs of A,x + Byy = C, and A,x + By = C, are parallel, express 


e in terms of A, and B,. 
29. The graphs of y = —$x + 2 and y = ox — 5 intersect at the point 


2 whose coordinates are (6, —1). Find the equation of a line whose graph 
intersects the graphs of the given lines to form a right triangle. (Hint: 
There is more than one answer to this question.) 


30. A theorem from geometry states that a line passing through the center y 
of a circle and through a point P on the circle is perpendicular to the danger 
tangent line at P. (See the figure at the right.) If the coordinates of P are Hine 


(5, 4) and the coordinates of C are (3, 2), what is the equation of the 
tangent line? 


31. Find the x- and y-intercepts of the tangent line in Exercise 30. 
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' Graphing Linear Inequalities 





Objective A_ To graph an inequality in two variables at 
| (15)) 
POINT OF INTEREST The graph of the linear equation y = x — 2 separates a plane into three sets: 
Linear inequalities play an : ; 
‘important role in applied the set of points on the line 
mathematics. They are used in the set of points above the line 


a branch of mathematics called the set of points below the line 
linear programming, which was 


developed during World War II : : 
to solve problems in supplying The point (3, 1) is a so- y=x-2 
the Air Force with the machine lution of y = x — 2. 

parts necessary to keep planes 113-2 
flying. Today, its applications He 





have been broadened to many 
other disciplines. 


The point (3, 3) is a so- y>x-2 Any point above the line is a solu- 
lution of y > x — 2. Slat THOTLOL Y= ee 

a 
ihe point (3,.—1) is a.so-. y< x4 — 2 Any point below the line is a solu- 
lution of y= x — 2. eae HOMO! Vix He — Dt 

=< 


The solution set of y = x — 2 is all points on the line. The solution set of 
y >x — 2 is all points above the line. The solution set of y < x — 2 is all points 
below the line. The solution set of an inequality in two variables is a half-plane. 


The following illustrates the procedure for graphing a linear inequality. 


=> Graph the solution set of 2x + 3y = 6. 


Solve the inequality for y. 


Dea SVs 6 © Subtract 2x from each side. 
Di Dio) aa XO © Simplify. 
sy S=2K +6 ae : 
3y = 6 ® Divide each side by 3. 
3 hE 3 ao 
2 © Simplify. 
v= ma a 


Change the inequality to an equality and 
graph y = =x + 2. If the inequality is = 


or S, the line is in the solution set and is 
shown by a solid line. If the inequality is > 
or <, the line is not a part of the solution set 
and is shown by a dotted line. 


If the inequality is > or =, shade the upper 
half-plane. If the inequality is < or =, shade 
the lower half-plane. 
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TAKE NOTE 


Any ordered pair is of the 
form (x, y). For the point 

(0, 0), substitute 0 for x and 0 
for yin the inequality. 


Example 1 


The inequality 2x + 3y = 6 can also be graphed as shown below. 


24 + Sy = 6 © Change the inequality to an equality. 
2x + 3(0) =6 e Find the x- and y-intercepts of the equation. 
2x = 6 
x=3 * The x-intercept is (3, 0). 
2(0) + 3y = 6 
3y = 6 
y=2 ¢ The y-intercept is (0, 2). 


Graph the ordered pairs (3, 0) and (0, 2). Draw 
a solid line through the points because the in- 
equality is <. The point (0, 0) can be used to 
determine which region to shade. If (0, 0) is a 
solution of the inequality, then shade the region 
that includes the point (0, 0). If (0, 0) is not a 
solution of the inequality, then shade the region 
that does not include the point (0, 0). For this 
example, (0, 0) is a solution of the inequality. 
The region that contains the point (0, 0) is 
shaded. 24 3 S16 
2(0) + 3(0) = 6 
0=6 True 





If the line passes through point (0, 0), another point must be used to deter- 
mine which region to shade. For example, use the point (1, 0). 


It is important to note that every point in the shaded region is a solution of the © 
inequality and that every solution of the inequality is a point in the shaded 
region. No point outside the shaded region is a solution of the inequality. 


You Try It 1 


Graph the solution set of 3x + y > —2. Graph the solution set of x — 3y < 2. 


Solution 
ke a 


Your solution 


Siew Ore VE yee 
Vite OK 9 


Graph y = —3x — 2 asa dashed line. 
Shade the upper half-plane. 





Solution on p. S13 


— 
4.6 Exercises 





Objective A 
Graph the solution set. 


Vy oe 4 eva eS 
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Be isa 


iy 
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13. 3x-y<9 14. 3x+y2=6 15. 2x+2y<-4 
y 





165 =40-13y = —12 17 eee + 8y S16 18. 343> Ay t2 





APPLYING THE CONCEPTS 


Graph the solution set. 


19. ae! 20. De 23) 441) Sp a es 


y os y 





Write the inequality given its graph. 
Ra 22; 





23. Are there any points whose coordinates satisfy both y < x + 3 and 











Y y= $x + 1? If so, give the coordinates of three such points. If not, 
explain why not. 
24. Are there any points whose coordinates satisfy both y < x — 1 and 


Y y =x + 2? If so, give the coordinates of three such points. If not, ex- 
plain why not. 
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re Focus on Problem Solving 


Counterexamples Some of the exercises in this text ask you to determine whether a statement is 
true or false. For instance, the statement “every real number has a reciprocal” is 
false because 0 is a real number and 0 does not have a reciprocal. 


Finding an example, such as 0 has no reciprocal, to show that a statement is not 
always true is called “finding a counterexample.” A counterexample is an exam- 
ple that shows that a statement is not always true. 

Consider the statement “the product of two numbers is greater than either 
2 
3 
or =. There are many other 


factor.” A counterexample to this statement is the factors 
2 
3 


8 
and a" The product of 
oe fies . 
these numbers is oy and 5 iS smaller than either 
counterexamples to the given statement. 


Here are some counterexamples to the statement “the square of a number is 
always larger than the number.” 


(3) =4 ute (centre bute efaeel 
BIT OR 


For each of the next five statements, find at least one counterexample to show 
that the statement, or conjecture, is false. 


1. The product of two integers is always a positive number. 

2. The sum of two prime numbers is never a prime number. 

3. For all real numbers, |x + y| = |x| + }y]. 

4. Ifx andy are nonzero real numbers and x > y, then x? > y?. 
J 


The quotient of any two nonzero real numbers is less than either one of the 
numbers. 


When a problem is posed, it may not be known whether the statement is true or 
false. For instance, Christian Goldbach (1690-1764) stated that every even inte- 
ger greater than 2 can be written as the sum of two prime numbers. No one has 
been able to find a counterexample to this statement, but neither has anyone 
been able to prove that it is always true. 


In the next five exercises, answer true if the statement is always true. If there is 
an instance when the statement is false, give a counterexample. 

The reciprocal of a positive number is always smaller than the number. 

If x < 0, then |x| = —x. 


For any two real numbers x andy, x +y >x — y. 


Sa CR ES 


For any positive integer n, n? + n + 17 is a prime number. 


10. The list of numbers 1, 11, 111, 1111, 11111,... contains infinitely many 
composite numbers. (Hint: A number is divisible by 3 if the sum of the 
digits of the number is divisible by 3.) 
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Graphing Linear 
Equations with a 
Graphing Utility 





TAKE NOTE 


Xmin and Xmax are the 
smallest and largest values of 
X that will be shown on the 
screen. Ymin and Ymax are 

the smallest and largest values 
of y that will be shown on 

the screen. 


TI-83 


| Projects and Group Activities 


A computer or graphing calculator screen is divided into pixels. There are ap- 
proximately 6000 to 790,000 pixels available on the screen (depending on the 
computer or calculator). The greater the number of pixels, the smoother a graph 
will appear. A portion of a screen is shown at the left. Each little rectangle repre- 
sents one pixel. 


The graphing utilities that are used by computers or calculators to graph an 
equation do basically what we have shown in the text: They choose values of x 
and, for each, calculate the corresponding value of y. The pixel corresponding to 
the ordered pair is then turned on. The graph is jagged because pixels are much 
larger than the dots we draw on paper. 


The graph of y = 0.45x is shown at the left as the calculator Su it (jagged). The 


x- and y-axes have been chosen so that each pixel represents aC of a unit. Con- 
sider the region of the graph where x = 1, 1.1, and 1.2. 


The corresponding values of y are 0.45, 0.495, and 0.54. Because the y-axis is 
in tenths, the numbers 0.45, 0.495, and 0.54 are rounded to the nearest tenth 
before plotting. Rounding 0.45, 0.495, and 0.54 to the nearest tenth results in 
0.5 for each number. Thus the ordered pairs (1, 0.45), (1.1, 0.495), and (1.2, 0.54) 
are graphed as (1, 0.5), (1.1, 0.5), and (1.2, 0.5). These points appear as three 
illuminated horizontal pixels. The graph of the line appears horizontal. However, 
if you use the TRACE feature of the calculator (see the appendix), the actual 
y-coordinate for each value of x is displayed. 


Z 
Here are the keystrokes to graph y = 3* + 1. First the equation is entered. Then 


the domain (Xmin to Xmax) and the range (Ymin to Ymax) are entered. This is 
called the viewing window. By changing the keystrokes 2 E] 3 1 
(use for the Sharp EL-9600 or use for the Casio CFX-9850), you 
can graph different equations. 


SHARP EL-9600 CASIO CFX-9850 





[y=] [CLEAR] 2 [XT 6,7] [=] 3 [y=] [CL] 2 [xen] [=] 3 [-} 1 [MENU] 5 [F2] [Fi] 2 [xo] 


[+] 1 [window] [(-)] 10 


[WINDOW] [(=)] 10 [ENTER] 10 [=] 3 [4] [EXE] [SHIFT] F3 


[ENTER] 10 [ENTER] 1 [ENTER] [ENTER] 1 [ENTER] [(=)] 10 [)] 10 [EXE] 10 [EXE] 1 [EXE] 
[)] 10 [ENTER] 10 [ENTER] 1 [ENTER] 10 [ENTER] 1 [ENTER] [©] 10 [EXE] 10 [EXE] 1 [EXE] 
GRAPH 

Loy 24 tol For 2x, you may enter 2 X x or just 2x. The times sign x 

is not necessary on many graphing calculators. 
1 

Dea Tah 2 Use the key to enter a negative sign. 

3. 64 Dy 6 Solve for y. Then enter the equation. 

4. 40-7 Byi= 175 You must adjust the viewing window. 


Suggestion: Xmin = —25, Kmax = 25, Xscl = 5, 
Ymin = —35, Ymax = 35, Yscl = 5. See the appendix 
for assistance. 


Graphs of Motion~*A graph can be useful in analyzing the 





1 Zz a 4 
Time (in seconds) 





Time (in seconds) 





1 Z 3 4 


Time (in seconds) 


: i 


> 
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motion of a body. For example, consider 
an airplane in uniform motion traveling 
at 100 m/s. The table at the right shows 
the distance, in meters, traveled by the 
plane at the end of each of five one- 
second intervals. 





These data can be graphed on a rectangular coordinate system and a straight 
line drawn through the points plotted. The travel time is shown along the hori- 
zontal axis, and the distance traveled by the plane is shown along the vertical 
axis. (Note that the units along the two axes are not the same length.) 


To write the equation for the line just graphed, use the coordinates of any two 
points on the line to find the slope. The y-intercept is (0, 0). 


Let (x,, y,) = (1, 100) and (x,, y,) = (2, 200). y=mx+b 
pre Maia tgs 9400. 100 a. iy y = 100x + 0 
Ko atl 2imal y = 100x 


Note that the slope of the line, 100, is equal to the speed, 100 m/s. The slope of a 
distance-time graph represents the speed of the object. 


The distance-time graphs for two planes are shown at the left. One plane is trav- 
eling at 100 m/s, and the other is traveling at 200 m/s. The slope of the line rep- 
resenting the faster plane is greater than the slope of the line representing the 
slower plane. 


In the speed-time graph at the left, the time a plane has been flying at 100 m/s is 
shown along the horizontal axis and its speed is shown along the vertical axis. 
Because the speed is constant, the graph is a horizontal line. 


The area between the horizontal line graphed and the horizontal axis is equal to 
the distance traveled by the plane up to that time. For example, the area of the 
shaded region on the graph is 


Length - width = (3 s)(100 m/s) = 300 m 


The distance traveled by the plane in 3 s is equal to 300 m. 


1. Acarin uniform motion is traveling at 20 m/s. 

Prepare a distance-time graph for the car for 0s to 5s. 
Find the slope of the line. 

Find the equation of the line. 

Prepare a speed-time graph for the car for 0s to 5s. 
Find the distance traveled by the car after 3 s. 


Cre Os = 


2. One car in uniform motion is traveling at 10 m/s. A second car in uniform 
motion is traveling at 15 m/s. 

Prepare one distance-time graph for both cars for 0s to 5s. 

Find the slope of each line. 

Find the equation of each line graphed. 

Assuming that the cars started at the same point at 0 s, find the distance 

between the cars at the end of 5 s. 


Coe 


3. a. Inadistance-time graph, is it possible for the graph to be a horizontal 
line? 
b. What does a horizontal line reveal about the motion of the object during 
that time period? 


- 


a 
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Key Words 


Essential Rules 


| Chapter Summary 


A rectangular coordinate system is formed by two number lines, one horizontal 
and one vertical, that intersect at the zero point of each line. A rectangular coor- 
dinate system divides the plane into four regions called quadrants. The number 
lines that make up a rectangular coordinate system are called the coordinate 
axes, or simply the axes. The origin is the point of intersection of the two coordi- 
nate axes. 


Every point in the plane can be identified by an ordered pair (x, y). The first 
number in an ordered pair is called the abscissa or x-coordinate. The second 
number is called the ordinate or y-coordinate. The coordinates of a point are the 
numbers in the ordered pair associated with the point. 


A relation is any set of ordered pairs. The domain of a relation is the set of first 
coordinates of the ordered pairs. The range is the set of second coordinates of 
the ordered pairs. A function is a relation in which no two ordered pairs have the 
same first coordinate and different second coordinates. A function designated by 
f(x) is written in functional notation. The value of the function at x is f(x). 


An equation of the form y = mx + b, where m is the coefficient of x and b isa 
constant, is a linear equation in two variables. m is the slope of the line, and 
(0, b) is the y-intercept. An equation of the form Ax + By = C is also a linear 
equation in two variables. A solution of a linear equation in two variables is an 
ordered pair (x, y) that makes the equation a true statement. The graph of a 
linear equation is a straight line. 


The point at which a graph crosses the x-axis is called the x-intercept. The point 
at which a graph crosses the y-axis is called the y-intercept. 


The slope of a line is a measure of the slant of the line. The symbol for slope is 
m. A line that slants upward to the right has a positive slope. A line that slants 
downward to the right has a negative slope. A horizontal line has zero slope. The 
slope of a vertical line is undefined. 


Two lines that have the same slope do not intersect and are parallel lines. Two 
lines that intersect at right angles are perpendicular lines. 


An inequality of the form y > mx + b or Ax + By > C isa linear inequality in two | 


variables. The symbol > here could be replaced by =, <, or <. The solution set 
of an inequality in two variables is a half-plane. 


To find the x-intercept, let y = 0 
To find the y-intercept, let x = 0. 





Slope of a Linear Equation Slope = m = : ae ee 
Slope-Intercept Form y=mx+b 3 

of a Straight Line 

Point-Slope Formula eel, wine —<x,) 

Slopes of Parallel Lines i 1d, 

Slopes of Perpendicular Lines m,-m,=—1 
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Chapter Review 


1. a. Graph the ordered pairs (—2, 4) and (3, —2). 2. Graph the _ ordered-pair solutions of 
b. Name the abscissa of point A. 


1 
= 2 When —|—4, 2,0, and 2. 
c. Name the ordinate of point B. y a” when x an 





3. Does y = —x + 3, where x € {-2, 0, 3, 5}, 4. Given f(x) = x? — 2, find f(—1). 
define y as a function of x? 


5. Graphx = —3. 6. Graph the line that has slope “= and y-inter- 
cept (0, 2). 





1 
7. Graphy =,—2x — 1. 8. Graphy = 4x or 


yy, 





9. Find the slope of the line containing the 10. Find the slope of the line containing the 
points (—2, —3) and (4, —3)., points (9, 8) and (—2, 1). 


11. Find the x- and y-intercepts of 3x — 2y = 24. 
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12. 


14. 


16. 


18. 


19: 


20. 
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Graph 3x — 2y = —6. 13. Graph the solution set of 3x — 4y > 8. 





Determine the equation of the line that passes 15. Determine the equation of the line that passes 


through the points (—1, 3) and (2, 5). through the point (6, 1) and has slope -2, 


Find the equation of the line that contains the 17. Find the equation of the line that contains the 


ordered pair (—2, —4) and is parallel to the point (—2, —3) and is perpendicular to the 
graph of 4x — 2y = 7. line y = 4x 3. 


The height and weight of 8 seventh-grade students are shown in the follow- 
ing table. Write a relation in which the first coordinate is height, in inches, 
and the second coordinate is weight, in pounds. Is the relation a function? 





An on-line research service charges a monthly access fee of $75 plus $.45 
per minute to use the service. An equation that represents the monthly cost 





opt 
to use this service is C = 0.45x + 75, where C is the monthly cost and x is g 
the number of minutes. Graph this equation for 0 < x < 100. The point s 
(50, 97.5) is on the graph. Write a sentence that describes the meaning of & 
this ordered pair. 8 
50 100 
Minutes 
The data in the table below show the amount spent on health care in the 
United States. The line of best fit for these data is y = 3.85x + 15.78, where a a0 
x = 0 corresponds to the year 1990. Graph the data and the line of best fit 3 ao 
in the coordinate system at the right. How much is the amount spent on © a | 
health care increasing each year? 8 He 
— za 





OF 2 A aeOmers 


Years 
x = 0 corresponds to 1990 






*Projected 
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| Chapter Test 


1. Find the ordered-pair solution of 2. Given;({)= f2 +4, find f(2). 
2x — 3y = 15 corresponding to x = 3. 


3. The distance a house is from a fire station and the amount of damage that 
the house sustained in a fire are given in the following table. Write a rela- 
tion in which the first coordinate of the ordered pair is the distance in 
miles from the fire station and the second coordinate is the amount of 
damage in thousands of déllars. Is the relation a function? 





4. Graph the ordered-pair solutions of 5. Graph y = 2% oF 
y= Sx + 1 when x = —2, 0, and 4. 





6. Graph 3x — 2y = 6. 7. Graph the line that has slope -+ and 
y-intercept (0, 4). 





8. Graph the solution set of y = 2x — 3. 9. Graph the solution set of 3x — 2y = 6. 
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10. The equation for the speed of a ball that is thrown straight up with an ini- 
tial speed of 128 ft/s is v = 128 — 32t, where v is the speed of the ball after ¢ 
seconds. Graph this equation for 0 St S 4. The point whose coordinates 
are (1, 96) is on the graph in Figure 1. Write a sentence that describes this 
ordered pair. 


Speed (in ft/s) 





1 Dy 94 4 
Time (in seconds) 


Figure 1 


11. The graph in Figure 2 shows the increase in the cost of tuition for a college 
for the years 1993 through 1998 (with 1993 as 0). Find the slope of the line. 
Write a sentence that states the meaning of the slope. 





io 
NABAOoOON 


Tuition 
(in thousands of dollars) 






12 eS eae 
Years 
x =0 corresponds to 1993 


So 


12. The data in the following table show the number of mutual fund com- ; 
¢ panies for selected years between 1983 and 1993. The line of best fitis Figure 2 
 y = 330x + 1016, where x is the year (with 1983 as 0) and y is the num- 





ber of mutual fund companies. € 4000 t 
‘2 4000 
os Ra 
E 3000 
S 
‘S 2000 
& k 
"E 1000 
= He 
Graph the data and the line of best fit in the coordinate system in Figure 3. a ie Coe 
Write a sentence that describes the meaning of the slope of the line of best fit. x=0 See to 1983 
Figure 3 
13. Find the x- and y-intercepts for 6x — 4y = 12. 14. Find the slope of the line containing the 


points (2, —3) and (4, 1). 


15. Find the slope of the line containing the points 16. Find the slope of the line whose equation is | 
5,2) and(=5y7). 2x + 3y = 6. 


17. Find the equation of the line that contains the 18. Find the equation of the line that passes 
poine(23Al)end haselove a through the points (—2, 0) and 5, 2): 


19. Find the equation of the line that contains the 20. Find the equation of the line that contains the 
ordered pair (3, —2) and is parallel to the ordered pair (2, 5) and is perpendicular to the 


raph of y = —3x + 4. 
ok y graph of the line y = —$x + 6: 


Cumulative Review 
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a. 


13. 


15. 


Let x € {—5, —3, —1}. For what values of x is 
the inequality x < —3 a true statement? 


Simplify: 3V 45 





Evaluate oe when a= -—2, b=3, and 


= —4. 


Simplify: 4(—8z) 


Graph: {x|x < —2} U {x|x > 0) 


S43 2-1 0) tt 2 3390475 


Solve: 3x — 2(10x — 6) =x —6 


Solve: 3x — 1 < 4andx —2>2 


Given f(t) = t? + t, find f(2). 


as 


10. 


12. 


14. 


16. 


; 17 ; 
Write 39 as a decimal. 


Simpliiyeet2:—1 18, 203(— 2)- 


Simplify: 3d — 9 — 7d 


Simplify: 2(« + y) — 5(3x — y) 


Zee 
Solve: DA era 


Solve: 4x — 3 < 9x + 2 


Solve: |3x — 5|<5 


Find the slope of the line containing the 
points (2, —3) and (4, 1). 
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17. 


19. 


PA Ie 


23. 


24. 


25% 
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Graph y = 3x + 1. 18. Graphx = —3. 





Graph the line that has slope ; and y-inter- 20. 
cept (0, —1). 





Find the equation of the line that passes 22. Find the equation of the line that contains 
through the points (6, —4) and (—3, —1). the point (2, 4) and is parallel to the line 
3 
Va 5 cee 


Two planes are 1800 mi apart and traveling toward each other. The first 
plane is traveling at twice the speed of the second plane. The planes meet 
in 3 h. Find the speed of each plane. 


A grocer combines coffee that costs $8 per pound with coffee that costs $3 
per pound. How many pounds of each should be used to make 80 lb of a 
blend that costs $5 per pound? 


The graph at the right shows the relationship between the cost 
of a rental house and the depreciation allowed for income tax 
purposes. Find the slope of the line between the two points on 
the graph. Write a sentence that states the meaning of the slope. 


Cost of a rental house 
(in dollars) 





Os 3 “65 00m fomeise 


Depreciation (per year) 











> 


A budget analyst provides advice and technical assistance — 






| the preparation of annual budgets. Managers and 





jroposed program increases or new products, estimated 
costs and expenses, and capital expenditures needed to 
finance these programs. Analyzing the different needs of 
each department or division requires solving large 
systems of equations. 
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Beparimen heads submit proposed operating and financial 
plans to the budget analyst for review. These plans outline 





Systems of 
Linear Equations 
and Inequalities 





Objectives 


Section 5.1 
To solve a system of linear equations by graphing 


Section 5.2 


To solve a system of linear equations by the 
substitution method 


Section 5.3 


To solve a system of two linear equations in two 
variables by the addition method 


To solve a system of three linear equations in three 
variables by the addition method 


Section 5.4 
To evaluate a determinant 
To solve a system of equations by using Cramer’s Rule 


Section 5.5 
To solve rate-of-wind or rate-of-current problems 
To solve application problems using two variables 


Section 5.6 
To graph the solution set of a system of linear 
inequalities 














Input-Output Analysis 


The economies of the industrial nations are very complex; 
they comprise hundreds of different industries, and each _ 
industry supplies other industries with goods and services. 
needed in the production process. For example, the steel 
industry requires coal to produce steel, and the coal in- 
dustry requires steel (in the form of machinery) to mine 
and transport coal. 





Wassily Leontief, a Russian-born economist, developed a 
method of describing mathematically the interactions ab. 
an economic system. His technique was to examine __ 
various sectors of an economy (the steel industry, oil, 
farms, autos, and so on) and determine how each sector 
interacted with the others. More than five hundred 
sectors of the economy were studied. 











The interactions of every sector with Re others were ex- 
pressed as a series of equations. This series of equations is _ 
called a system of equations. Using a computer, economists 
searched for a solution to the system of equations that — 
would determine the output levels various sectors would — 
have to meet to satisfy the requests from other sectors. | 
The method is called input-output analysis. 





Input-—output analysis has many applications. For 
example, it is used today to predict the production needs — 
of large corporations and to determine the effect of 
price changes on the economy. In recognition of the 
importance of his ideas, Leontief was awarded the Nobel | 
Prize in Economics in 1973. 





This chapter begins the study of systems of equations. 
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1 ‘Solving Systems of Linear 
° Equations by Graphing 








Objective A_ To solve a system of linear equations DY graphing ......0cccccceeeeees () 
A system of equations is two or more equations considered 3x + 4y =7 


together. The system at the right is a system of two linear 2x — 3y =6 
equations in two variables. The graphs of the equations are 
straight lines. 


A solution of a system of equations in two variables is an ordered pair that 
is a solution of each equation of the system. 


= Is (3, —2) asolution of the system 2x — 3y = 12 


5a 2y=111? 
20 3y — 12 ox 2y- Sal 1 
23) 93 (2) | 53) 2-2) = [redl e Replace x by 3 and y by —2. 
G— (6) 15 + (-4) 
12=12 True 11=11 True 


Yes, because (3, —2) is a solution of each equation, it is a solution of the 
system of equations. 


A solution of a system of linear equations can be found by graphing the lines of 
the system on the same coordinate axes. The point of intersection of the lines 
is the ordered pair that lies on both lines. It is the solution of the system of 
equations. 


=> Solve by graphing: x + 2y =4 
2ax+y=-l 


Graph each line. 
Find the point of intersection. 
The ordered pair (—2, 3) lies on each line. 


The solution is (—2, 3). 





When the graphs of a system of equations intersect at only one point, the sys- 
tem of equations is called an independent system of equations. 


=> Solve by graphing: 2x + 3y =6 
4x + 6y = —-12 


Graph each line. 


The lines are parallel and therefore do 
not intersect. The system of equations 
has no solution. 





When a system of equations has no solution, it is 
called an inconsistent system of equations. 


= 
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CALCULATOR NOTE => Solve by graphing: <x — 2y=4 
c=} The Projects and Group 2x — 4y = 8 
Activities at the end of this Graph each line. 
chapter show how to use a 
graphing calculator to solve a The two equations represent the same line. 


system of equations. 





This is a dependent system of equations. 
When a system of two equations is depen- 
dent, solve (if necessary) one of the equa- 
tions of the system for y. The solutions of the 
dependent system are (x, mx + b), where 
y = mx + b. For this system, 








TAKE NOTE x—-2y=4 
Keep in mind the ways in PEG ENE # 
which independent, dependent, il 
and inconsistent systems of ane oils 2 
equations differ. You should 
be able to express your 1 
understanding of these terms The solutions are the ordered pairs [x, Sea 2). 
by using graphs. 2 
Example 1 Solve by graphing: You Try It1 Solve by graphing: 
2x-y=3 xt+y=1 
3x +y =2 2x+y=0 
Solution Your solution 
The solution is (1, —1). 
Example 2 Solve by graphing: You Try It2 Solve by graphing: 
2x + 3y =6 : 3e = Ay 12 
2 3 
=——xX + 1. =—-x- 
y 3 Vie ote 
Solution Your solution 








The lines are parallel and 
therefore do not intersect. 
The system of equations has 
no solution. It is inconsistent. 


Solutions on p. S13 
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5.1 Exercises 


eye) 8a; Te "se 
i ee eee eu Aare nder 8 iss ehewie tle ve Tievienislts ss 10) 6 @ (6 6.0 -o- 0 © 6 6 * 0 6 6 6 @ 6 6 © wee © © eble eve 


Objective A 


1. Is (2, 3) a solution of the system 
3x + 4y = 18 
2k = y= 1? 


3. Is (1, —2) a solution of the system 
Se yw= 5 
24) + Sy —8? 


5. Is (4, 3) a solution of the system 
5x — 2y = 14 
x+y = 8? 


7. Is (1, 3) a solution of the system 
4x -y=-5 
2x + 5y = 13? 


9. Is (0, 0) a solution of the system 
4x + 3y = 0 
aka y= 1? 


11. Is (2, —3) a solution of the system 
y=2x-—7 
3x -—y = 9? 


13. Is (5, 2) a solution of the system 
y=2x-8 
y = 3% — 13? 


15. Is (—2, —3) asolution of the system 
3x — 4y = 6 
24 1y = 17? 


17. Is (0, —3) asolution of the system 
4x — 3y =9 
2x + 5y = 15? 


10. 


12: 


14. 


16. 


18. 


Is (2, —1) a solution of the system 
n= ly =4 
2x + y = 3? 


Is (—1, —1) a solution of the system 
x-—4y=3 
3x Fy = 2? 


Is (2, 5) a solution of the system 
3x + 2y = 16 
2x — 3y = 4? 


Is (4, —1) a solution of the system 
x-4y=9 
25 — dy =" tle 


Is (2, 0) a solution of the system 
3X y= 6 
Xa Sy = 22 


Is (—1, —2) a solution of the system 
34. 4y = 5 
yea le 


Is (—4, 3) a solution of the system 
y=2x+11 
Vos ox 19? 


Is (0, 0) a solution of the system 
y = 2x 
3x + 5y = 0? 


Is (4, 0) a solution of the system 
2x + 3y = 8 
x — By = 4? 
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19. How isa solution of a system of equations in two variables represented? 


20. For a system of two linear equations in two variables, explain, in geo- 
Y metric terms, each of the following: dependent system of equations, in- 
consistent system of equations, independent system of equations. 


Solve by graphing. 
BAe Key 2 22, "XxX ty = 23. @=yieSaZ 
x-y=4 3x y= 5 x+2y=10 


ey 
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30. x-3y=6 == | 31. x-y=6 32. 2x+y=2 
va 3 =O Kyat =O tare 
My 





33. Po 34. 2x —-5y=4 35. y= —% — 2 
ax+y=4 y=xt1 x—2y=8 





36. 2x + 3y=6 37.2x-—-5y-=.10 38. 3x -2y=6 
z Laas Vee 
i= te Db 2 


Dy 
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39. 3x —-4y= 12 40. 2x —-3y =6 41. 2x -3y=2 
5x + 4y = -12 2x — 5y = 10 5x + 4y=5 

















ay 





APPLYING THE CONCEPTS 


42. Determine whether the statement is always true, sometimes true, or never true. 
a. A solution of a system of two equations in two variables is a point 
in the plane. 
b. Two parallel lines have the same slope. 
c. Two different lines with the same y-intercept are parallel. 
d. Two different lines with the same slope are parallel. 


Use a graphing calculator to solve each of the following systems of equa- 
tions. Round answers to the nearest hundredth. See the Projects and Group 
Activities at the end of this chapter for assistance. 


1 Zz 

43. er let © 44. y=1.2x+2 45. y=V2x-1 46. SS 
fn y= 13x 3 y=-V3x+1 

y=2x-1 a 

Ve Saxe ie > 


47. Write three different systems of equations: (a) one that has (—3, 5) as 
its only solution, (b) one for which there is no solution, and (c) one that 
is a dependent system of equations. 


48. The graph below shows the life expectancy at birth for males and 
y females. Write an essay describing your interpretation of the data 

presented. Be sure to include in your discussion an interpretation of 
¢ the point at which the two lines intersect. 


Females 
Males 















Years of Age 

















1900 1910 





1920 1930 1940 1950 1960 1970 1980 1990 2000 
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Solving Systems of Linear Equations 
by the Substitution Method 








Objective A_ To solve a system of linear equations 
DENG SUDSTIEUUION 1IGTIOG 10) oats cas ces cn APNEA Ml lecssncsevsaecercsrsnoreseee (T17)) 


A graphical solution of a system of equations is based on approximating the 
coordinates of a point of intersection. An algebraic method called the substi- 
tution method can be used to find an exact solution of a system of equations. 


=> Solve by the substitution method: (1) 2x oy = — 1 1 
(2) yan 19 
Equation (2) states that y = 3x — 9. Substitute 3x — 9 for y in Equation (1). 
2x Sy =—11 ® This is Equation (1). 
2 or 9) — 11 * From Equation (2), substitute 3x — 9 for y. 
26 15444512 11 © Solve for x. 
Pix 4s = 11 


17x = 34 
x=2 
Now substitute the value of x into Equation (2) and solve for y. 
Vaoe © This is Equation (2). 
y = 3(2) -9 © Substitute 2 for x. 


JSOsi9 Scea3 
The solution is the ordered pair (2, —3). 


The graph of the equations in this sys- 
tem of equations is shown at the right. 
Note that the lines intersect at the point 
whose coordinates are (2, —3), which is 
the algebraic solution we determined by 
the substitution method. 





To solve a system of equations by the substitution method, sometimes we must 
solve one of the equations in the system of equations for one of its variables. For 
instance, the first step in solving the system of equations 

Ch) a Jy 3 

(2) L—3y— 5 


is to solve an equation of the system for one of its variables. Either equation 
can be used. 


Solving Equation (1) for x: Solving Equation (2) for x: 
aly =o 2X — SV — 9 
a Dy 3 2x = 3y +15 
overs 
a 


Because solving Equation (1) for x does not result in fractions, it is the easier of 
the two equations to use. _ 


= 
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TAKE NOTE 


You can always check the 
solution to an independent 
system of equations. Use the 
skill you developed in 
Objective 5.1A to check that 
the ordered pair is a solution 
to each equation in the 
system. 


Here is the solution of the system of equations given on the previous page. 


=> Solve by the substitution method: (1) x + 2y = =3 
(2) 2% Say =D 


To use the substitution method, we must solve an equation for one of its 
variables. Equation (1) is used here because solving it for x does not result 


in fractions. 


xP ly 3 
(3) C= = Dy 3 ® Solve for x. This is Equation (3). 
Now substitute —2y — 3 for x in Equation (2) and solve for y. 
2x —- 3y =5 This is Equation (2). 
Lely — Bi) 3y = 5 © From Equation (3), substitute —2y — 3 for x. 
=4y,.=.6 = 3y = 5 © Solve for y. 
hore) 
Ty = 11 
11 
ye Rie 


Substitute the value of y into Equation (3) and solve for x. 


x= =—2y = "3 © This is Equation (3). 
11 . 11 
= 2-22) =n ¢ Substitute —-q for y. 
i 22.» 5 22 prana 
oy a Te 
The solution is (5, -] 
e solution is |=, —— }. 


The graph of the system of equa- 
tions given above is shown at 
the right. It would be difficult to 
determine the exact solution of 
this system of equations from the 
graphs of the equations. 





=> Solve by the substitution method: (1) y=3x-1 
(2) y=—2x — 6 


7 — 6 

Shs ie) 6 * Substitute 3x — 1 for yin Equation (2). 
a= 5 ® Solve for x. 
Sel 


Substitute this value of x into Equation (1) or Equation (2) and solve for y. 
Equation (1) is used here. 


V 3a al 
y =3(-1)-1=-4 
The solution is (—1, —4). 
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~The substitution method can be used on inconsistent and dependent systems 
of equations. 


=> Solve by the substitution method: (1) 2x + 3y = 3 


2 
(2) Jp vee 


2x + 3y = 3 ® This is Equation (1). 
2 
2 3-3 “8 3 =3 e From Equation (2), replace y with —ix+ 3; 


2x = 24 4.9 =3 e Solve for x. 


9=3 ® This is not a true equation. 


Because 9 = 3 is not a true equation, the system of equations has no 
solution. 


Solving Equation (1) above for y, 
we have y = — 2x + 1. Compar- 


ing this with Equation (2) reveals 
that the slopes are equal and the 
y-intercepts are different. The 
graphs of the equations that make 
up this system of equations are 
parallel and thus never intersect. 
Because the graphs do not inter- 
sect, there are no solutions of the 
system of equations. The system of 
equations is inconsistent. 





=> Solve by the substitution method: (1) x=2y+3 
(2) 4x — 8y = 12 


4x — 8y = 12 ® This is Equation (2). 
4(2y + 3) — 8y = 12 e From Equation (1), replace x by 2y + 3. 
Sy + 12 = 8y = 12 © Solve for y. 
12 = 12 e This is a true equation. 


The true equation 12 = 12 in- 
dicates that any ordered pair 
(x, y) that satisfies one equation 
of the system satisfies the other 
equation. Therefore, the sys- 
tem of equations has an infi- 
nite number of solutions. 





If we write Equation (1) and Equation (2) in slope-intercept form, we have 


x=2y +3 4x — 8y = 12 
al he aid ee 
Oe eae: oink at ee 


The slope-intercept forms of the equations are the same, and therefore the 
graphs are the same. If we graph these two equations, we essentially graph one 
over the other. Accordingly, the graphs intersect at an infinite number of 


p 1 3 
_points. The solutions are the ordered pairs (x, pe 5). 


a 


~ 


274 


Example 1 


Solution 


Example 2 


Solution 


Example 3 


Solution 
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Solve by substitution: You Try It 1 
(1) 3x+4y=-2 


(2) -x+2y=4 


Solve Equation (2) for x. Your solution 
<4 + 2y = 4 
hs ya 


x=2y-4 


Substitute in Equation (1). 
(1) 3x + 4y = -2 
3(2y — 4) + 4y = -2 
6y — 12 + 4y = -2 
10y> 12 = —-2 
10y = 10 
y=1 
Substitute in Equation (2). 
(2) —x+2y=4 
—-x + 2(1) =4 
Sane 
—x=2 
ae 


The solution is (—2, 1). 


Solve by substitution: 
4x + 2y=5 
ya 2x + 


You Try It 2 


4x + 2y=5 Your solution 
ax 2(— 2-1) = 5 
4x -—4x+2=5 


2=5 


This is not a true equation. 
The system of equations is 
inconsistent and therefore 
does not have a solution. 


Solve by substitution: 
y = 34.— 2 
OX 12 


6x — 2y=4 

6x — 206% — 2) 4 
6x — 6x +4 =4 
4=4 


You Try It 3 


Your solution 


This is a true equation. The 
system of equations is depend- 
ent. The solutions are the 
ordered pairs (x, 3x — 2). 





Solve by substitution: 
7x -y=4 
Bx 2y = 





Solve by substitution: 
3x —y=4 
y=3x+2 


Solve by substitution: 
VK col 
6x + 37) = 3 








Solutions on p. S13 


5.2 Exercises 


Section 5.2 / Solving Systems of Linear Equations by the Substitution Method 275 
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Objective A 
Solve by substitution. 
Ro 2x + 3) = 7 
x= 2 
4. ysxt2 
xt+y=6 
i. y=4- 3x 
3x +y=5 
10. uy 
3x + 3y =6 


13. 3x+y=4 
4x —3y=1 


16. 4x-y=-5 
2x + 5y = 13 


19. 4x + 3y=0 


11. 


14. 


17. 


20. 


Va 

3x — 2y =6 
x=y-2 

x+3y=2 
Ve 2 3X 

6x + 2y =7 

Xa DY =a 0 
ty 

x-4y=9 

2x — 3y= 11 

3x -y=5 

2k Sy = =o 

5x + 2y =0 

x — 3y=0 


12. 


15. 


18. 


213 


VX 
Nesey 
x=yt1 
x Dy], 
x=3y 73 
2x — by = 12 
y=2x4+3 
4x —3y=1 
ax —y = 6 
ce Sy 2 
3x + 4y = 18 
2x-y=1 
2h ye) 
6x — 3y = 6 
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Bee oR Ya 25a Ove te 24. x=4-2y 
9x + 3y = 12 y=2x+6 Wik 1S 
2 Vi 2 a 26. y=2x- 8 2TP UY ae i 2 
y=5x- 19 v= 3013 y= — 3x02! 
28. X= sy 47 29. x=4y-2 30. x3 — 2y 
Ley = 1 x=6y+8 x= sy —10 


APPLYING THE CONCEPTS 
For what value of k does the system of equations have no solution? 


Slee 2k V7 32. 8x —-—4y=1 33. x=4y+4 
kx — 3y =4 2x =—ky =3 kx — 8y =4 


34. The following was offered as a solution to the system of equations 


1 
(1) Wied ie 
(2) 2x+5y=10 


2x + 5y = 10 ® This is Equation (2). 
2k (5a ci 2 =—o() ° Substitute > x + 2 for y. 
2h 2 +10= 10 ® Solve for x. 
9 
Be =—=n()) 
x=0 


At this point the student stated that because x = 0, the system of 
equations has no solution. If this assertion is correct, is the system of 
equations independent, dependent, or inconsistent? If the assertion is 
not correct, what is the correct solution? 


35. Describe in your own words the process of solving a system of equa- 
tions by the substitution method. 


36. When you solve a system of equations by the substitution method, 
how do you determine whether the system of equations is dependent? 


37. When you solve a system of equations by the substitution method, 
Y how do you determine whether the system of equations is inconsistent? 








ee - 
Objective A 


TAKE NOTE 


Equation (1) states that 5x — 3y 
equals 14, and Equation (2) 
States that 2x + 3y equals —7. 
Thus adding Equations (1) and 
(2) is like adding 


14 = 14 
= ES) =-7 
_ 7=7 Atrue equation 





The addition method of 
solving a system of equations 
is based on adding the same 
number to each side of the 
equation. 
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Solving Systems of Linear 
Equations by the Addition Method 


To solve a system of two linear equations in two variables 
DY CG AOGITIOIN INIT OG oe cco ccc spice scacsed si chcocseiedhScisevecnceceecseteeesics 2h 


The addition method is an alternative method for solving a system of equa- 
tions. This method is based on the Addition Property of Equations. Use the ad- 
dition method when it is not convenient to solve one equation for one variable 
in terms of the other variable. 


Note, for the system of equations at the right, the ef- 
fect of adding Equation (2) to Equation (1). Because 


(1) a5. 5) — 14 
(2) 2 taal 


—3y and 3y are additive inverses, adding the equations Tx 0y=7 
results in an equation with only one variable. 7x = 7 
The solution of the resulting equation is the first com- 7x =7 
ponent of the ordered-pair solution of the system. x=1 
The second component is found by substituting the (1) 5x — 3y = 14 
value of x into Equation (1) or (2) and then solving for 5(1) — 3y = 14 
y. Equation (1) is used here. 5 — 3y = 14 
—3y =9 
y=-3 


The solution is (1, —3). 


Sometimes each equation of the system of equations must be multiplied by a 
constant so that the coefficients of one of the variables are opposites. 


= Solve by the addition method: (1) 3x + 4y =2 
(2) 2X Feo = — 1) 


To eliminate x, multiply Equa- 2(3%.+ 4y) = 2-2 
tion (1) by 2 and Equation (2) by De 
—3. Note at the right how the con- Bix ey) = —3(— 1) 


stants are chosen. © The negative is used so that the 


coefficients will be opposites. 


6x + 8y = 4 e 2 times Equation (1) 
=6x = [Sy = 3 ¢ —3 times Equation (2) 
— 1 Vee], e Add the equations. 
y= =f © Solve for y. 


Substitute the value of y into Equation (1) or Equation (2) and solve for x. 
Equation (1) will be used here. 


(1) 3x + 4y =2 


3x + 4(-1) =2 e Substitute —1 for y. 
3x —-4=2 © Solve for x. 
3x = 6 
x=2 


The solution is (2, —1). 
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We 2 1 
POINT OF INTEREST m> Solve by the addition method: (1) et at 5” = 4 
There are records of 5 Lies o Spy st 3 
Babylonian mathematicians (2) ae dl 
solving systems of equations 
god years age. Here is ¢ Clear fractions. Multiply each equation by the LCM of the denominators. 
system of equations from 
that time (in our modern 9 1 
notation): 6|=x + =y]= 6(4) 
3 2 

2 1 

aX =5y — 500 1 5 5 

2 8\—x.— —y |= 8| a 

x— y= 1800 4 8 4 

We say modern notation for a 
many reasons. Foremost is 4x + 3y = 24 
the fact that using variables Le i= 6 
did not become widespread “we ‘ 
until the 17th century. There 6x = 18 e Eliminate y. Add the equations. 
are many other reasons, IS e Solve for x. 


however. The equals sign had 

not been invented, 2 and 3 

did not look like they do today, Substitute the value of x into Equation (1) and solve for y. 
and zero had not even been 


considered as a possible 2 1 i : 
number. ne + De =4 e This is Equation (1). 


2 1 
a _— —— @ = 
Aah Sy 4 x=3 


1 
2+=y=4 
a” 

1 

=y=2 

59 
y=4 


The solution is (3, 4). 


mp Solve by the addition method: (1) 20 = 3 
(2) 4x —2y = 6 


Eliminate y. Multiply Equation (1) by —2. 


(i) —20x%.—y) = —26) ¢ Multiply both sides of Equation (1) by —2. 
(3) —4x + 2y = -6 e This is Equation (3). 
Add Equation (3) to Equation (2). 
(2) 4x —2y=6 
(3) —4x + 2y = -6 
0=0 ® This is a true equation. 


The equation 0 = 0 indicates that the system 
of equations is dependent. This means that the 
graphs of the two lines are the same. Therefore, 
the solutions of the system of equations are the 
ordered-pair solutions of the equation of the 
line. Solve Equation (1) for y. 





2x =y =3 
y= Dre 
Ni 209 


The ordered-pair solutions are (x, 2x — 3). 
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Example 1 Solve by the addition method: You Try It1 | Solve by the addition method: 









Cl) Bx S2yi2+-5 2x + Sy = 6 
2) 24 3y = —4. ie sO te? 
Solution Write Equation (1) in the form Your solution 
Ax + By =C. 
34 2y = 2x +5 
Ley 55 






Solve the system: 






x-2y=5 
2x + 3y = —4 







Eliminate x. 


—2(x — 2y) = —2(5) 







2x + 3y = —4 
—2x + 4y = -10 
2x + 3y = —4 







Add the equations. 






7y = —14 
Nein 
Replace y in Equation (2). 
2x + 3y = —4 





The solution is (1, —2). 










Example 2 Solve by the addition method: You Try It2 Solve by the addition method: 
(1) 4x — 8y = 36 2x+y=5 
(2), 3x —6y ='27 4x + 2y=6 






Your solution 







Eliminate x. 


3(4x — 8y) = 3(36) 
—4(3x — 6y) = —4(27) 


12x — 24y = 108 
—12x + 24y = —108 





Solution 









Add the equations. 
0=0 


The system of equations is 
dependent. The solutions are 
the ordered pairs 


1 9 
x, 5X — 5): 









Solutions on p. S14 
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Objective B_ To solve a system of three linear equations in three 


variables by the addition Method ........:::ccccciee 


An equation of the form Ax + By + Cz = D, where A, 
B, and C are coefficients and D is a constant, is a lin- 
ear equation in three variables. Examples of these 
equations are shown at the right. The graph of a lin- 
ear equation in three variables is a plane. 


Graphing an equation in three variables 
requires a third coordinate axis perpen- 
dicular to the xy-plane. The third axis 
is commonly called the z-axis. The result 
is a three-dimensional coordinate system 
called the xyz-coordinate system. To help 
visualize a three-dimensional coordinate 
system, think of a corner of a room: the 
floor is the xy-plane, one wall is the yz- 
plane, and the other wall is the xz-plane. A 
three-dimensional coordinate system is 
shown at the right. 


The graph of a point in an xyz-coordinate 
system is an ordered triple (x, y, z). Graph- 
ing an ordered triple requires three moves, 
the first along the x-axis, the second parallel 
to the y-axis, and the third parallel to the 
z-axis. The graphs of the points (—4, 2, 3) 
and (3, 4, —2) are shown at the right. 


The graph of a linear equation in three 
variables is a plane. That is, if all the solu- 
tions of a linear equation in three variables 
were plotted in an xyz-coordinate system, 
the graph would look like a large piece of 
paper extending infinitely. The graph of 
x + y + z = 3 is shown at the right. 


20+ By = (37/7 


L = OV es 
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There are different ways in which three planes can be oriented in an xyz- 


coordinate system. The systems of equations represented by the planes below 
are inconsistent. 





B Cc D 


Graphs of Inconsistent Systems of Equations 


For a system of three equations in three variables to have a solution, the 
graphs of the planes must intersect at a single point, they must intersect along 
a common line, or all equations must have a graph that is the same plane. 
These situations are shown in the figures below. 


The three planes shown in Figure E intersect at a 
point. A system of equations represented by planes 
that intersect at a point is independent. 





E 


An Independent System 
of Equations 


The planes shown in Figures F and G intersect along a common line. The 
system of equations represented by the planes in Figure H has a graph that is 
the same plane. The systems of equations represented by these three graphs 
are dependent. 





F G H 


Dependent Systems of Equations 


Just as a solution of an equation in two variables is an ordered pair (x, y), a 
solution of an equation in three variables is an ordered triple (x, y, z). For 
example, (2, 1, —3) is a solution of the equation 2x — y — 2z = 9. The ordered 
triple (1, 3, 2) is nota solution. 


ae 
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POINT OF INTEREST 


In the early 1980s, Stephen 
Hoppe became interested in 
winning Monopoly strategies. 
Finding these strategies 
required solving a system that 
contained 123 equations with 
123 variables! 


A system of linear equations in three variables is x-2y+z=6 
shown at the right. A solution of a system of equations SK Vie 25 
in three variables is an ordered triple that is a solution of 2x —"3y + oc = 1 


each equation of the system. 


A system of linear equations in three variables can be solved by using the ad- 
dition method. First, eliminate one variable from any two of the given equa- 
tions. Then eliminate the same variable from any other two equations. The 
result will be a system of two equations in two variables. Solve this system by 
the addition method. 


m> Solve: (1) x+4y—-—z=10 


(2) 3x+2ytz=4 
(3) 2 —WSy 2a = =i: 


Eliminate z from Equations (1) and (2) by adding the two equations. 
x+4y —z=10 
3x +2y+z2=4 

(4) 4x + 6y = 14 e Add the equations. This is Equation (4). 


Eliminate z from Equations (1) and (3). Multiply Equation (1) by 2 and add 
to Equation (3). 


20 by — 22 — 20 « 2 times Equation (1) 
20 Se ® This is Equation (3). 
(5) 4x + 5y = 13 e Add the equations. This is Equation (5). 


Using Equations (4) and (5), solve the system of two equations in two 
variables. 


(4) 4x + 6y = 14 
(5) 4x + 5y = 13 


Eliminate x. Multiply Equation (5) by —1 and add to Equation (4). 


4x + 6y = 14 ¢ This is Equation (4). 
—4x — 5y = -13 e —1 times Equation (5) 
y=1 e Add the equations. 


Substitute the value of y into Equation (4) or Equation (5) and solve for x. 
Equation (4) is used here. 


4x + 6y = 14 e This is Equation (4). 
4x + 6(1) = 14 ey=1 
4x +6= 14 e Solve for x. 
4x = 8 
x=2 


Substitute the value of y and the value of x into one of the equations in the 
original system. Equation (2) is used here. 


3x + 2y+z2=4 
3(2) + 20) +2=4 *x=2y=1 


6+2-+-7=4 
8+z2=4 
Z Spear 


The solution is (2, 1, —4). 
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~ => Solve: (1) 2x — 3y—z=1 
(2) wrt 4y + 37 = 2 
(3) Aa Oy ec 


Eliminate x from Equations (1) and (2): 


20 Sy = 2 | ® This is Equation (1). 
—24 — Sy — 62 = _—4 ¢ —2 times Equation (2) 
lye 3 e Add the equations. 


Eliminate x from Equations (1) and (3). 


4x + 6y + 2z = —2 e —2 times Equation (1) 
AX =O) = 222 =="5 © This is Equation (3). 
0=3 e Add the equations. 


The equation 0 = 3 is not a true equation. The system of equations is incon- 
sistent and therefore has no solution. 


= Solve: (1) 3x —zZ=-1 
(2) 2y.— 3z = 10 
(3) Aer SNe Z| 


Eliminate x from Equations (1) and (3). Multiply Equation (3) by —3 and add 
to Equation (1). 


oye = ® This is Equation (1). 
Sti See 2 I ¢ —3 times Equation (3) 
(4) =v 22 = —22 e Add the equations. 


Use Equations (2) and (4) to form a system of equations in two variables. 


(2) 2y — 3z = 10 
(4) Oy 27 = 22 


Eliminate z. Multiply Equation (2) by 2 and Equation (4) by 3. 


4y — 6z = 20 © 2 times Equation (2) 

=Z1y +°6z = —66 e 3 times Equation (4) 

—23y = —46 e Add the equations. 
y=2 e Solve for y. 


Substitute the value of y into Equation (2) or Equation (4) and solve for z. 
Equation (2) is used here. 


(2) 2y — 3z = 10 e This is Equation (2). 
2(2) = 3z = 10 ey=2 
4 — 3z = 10 e Solve for z. 
—3z=6 
z=-2 


Substitute the value of z into Equation (1) and solve for x. 


(1) 3 A= 1 © This is Equation (1). 
3x — (—2) = —1 e z= -2 
32 = — | © Solve for x. 
3x = —3 
x=-1 


The solution is (—1, 2, —2). 


_ 
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Example 3 Solve:(1) 3x -y+2z=1 You TryIt3 Solve: x-y+z=6 
(2)) *2xeb 3yrei3ze 4 Dee osy — Zee l 
(3) Kaye 4g = 9 x+2y4+2z=5 





Solution Eliminate y. Add Your solution 
Equations (1) and (3). 


3S y F227 = I 
Rhy ALS 
Ahi 2S 
Multiply each side of the 


: 1 
equation by ee 


(4) 2x-z=-4 


Multiply Equation (1) by 3 
and add to Equation (2). 


On — By 6z = 3 
2x-b Sy +37 = 4 
(5) i O77, 


Solve the system of two 
equations. 


(4) 26 G4 
(5) fix +9z=7 


Multiply Equation (4) by 9 
and add to Equation (5). 


18x — 97° = — 36 
ilies se Ske = 7 
29x = —29 
x=-l1 


Replace x by —1 in Equation 
(4). 
2x-Z= 
2G 
as 
iis 
Replace x by —1 and z by 2 in 
Equation (3). 
Ay > 47 = = 9 
—-1+y-4(2)=—-9 
=—9 tyr 0 
y= 0 
The solution is (—1, 0, 2). 


Solution on p. S14 





5.3 Exercises 
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ei ee ree Toa OMe Ti oa coun eUmoW Te Lellielte (6 Wel .e)seheilisMis\ sl is © i660 © 60a 6 © » © 0 6 0 6 0 « © 0 6 6 6 one @ @ «me 


Solve by the addition method. 


1. 


10. 


13. 


16. 


19. 


Objective A 


x-y=5 
x+y=7 
x-3y=4 
x Sy=—4 
2x0 sy —] 
% + Sy = 3 
x =2y = -3 
—2x + 4y = 6 
4x —- 6y =5 
Di Sy — 7 
3x + 4y = 25 
2x +y=10 
3x + 2y = 16 


2 oye 14 


11. 


14. 


iz. 


20. 


xt+y=1 
any = 
3x +y=7 
xo2y=4 
xX oy = 7 
2x + Ty = 8 
2x + 5y =9 
4x — 7y = —16 
3x + 6y =7 
2x + 4y=5 
x+ 3y=7 
— 2% 7 3y = 22 
2x yi 3 
5x + 3y = 17 


12. 


15. 


18. 


21. 


3x +y =4 
x+y=2 
x — 27 
3x = 2y = 9 
3x —y=4 
6x — 2y = 8 
8x — 3y = 21 
At oy == 9 
SLi 
x—-—2y=3 
2x — 3y = 14 
5x — 6y = 32 
4x + 4y=5 
2H OY = 5 
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22. 3x + 7y = 16 23. 5x+4y=0 24. 3x -—4y=0 
4x —- 3y =9 3x + 7y = 0 4x — 7y = 0 

25 on ty 1 26. 3x + 5y = 16 27. 3x —-6y=6 
2x + 3y =7 54 = 1) == 4 9x — 3y =8 
2 1 1 Z Las 

28. ae gee 29. At ans 30. ae ay 
ee ee a aera pa 
ea ee Io 6 ees Sse 
5x y 4 3 2y 3 28S rs 

1 —+5=- 52 33 ee 

: On eor 05 4 5 20 SL 22 eZ 
ax _y il ee) Sh) eG 
Beat = .6 2 4 4 Ay on Saeed 
Ke VD Ox SITY, 11 3x 2y 

34. —~+-=— a os 
eel? 5 2 4 12 aa 4 3 rag 
ge Ly) pa ety Ne St ee 
26 3a 12 32” T 4-33 3 

37. 4x —-5y=3y + 4 38. 5x — 2y = 8x — 1 39.. 2x + 5y = 51-9 
Qe 3y =x. | 2x + 7y=4y+9 34 = 2) ye 

40. 4x-8y=5 41. 5x + 2y= 2x + 1 42. 3x+3y=y+1 
8x + 2y = 1 25 3 3a x 3yi— 9K 

Objective B 

Solve by the addition method. 

43. Xa 2y.='2 Sel 44. x+3y+z=6 4S. 2x6— Vt 277 
24= Wt z= 6 3x +y —-z=-2 xt+y+z=2 
Kate BY = 2 2K + 2y 1 3x —-y+z=6 





46. x—2y+ a 
x +3yit+z = 16 
Sx yee = 12 


49. hon ae 
Zirh aye Z= 3 
—x + 2y —4z=4 


52. 3x+4z2=5 
2y 3z = 2 
24 sy = 8 


So 20a y— 2=5 
x+3y+z= 14 
Sey 2z— 1 


58. 4x+5y+z=6 
2a ve 22 — 11 
aly + 27 = 6 
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47. 3x +y=5 
3y-z=2 
LEE Ze 5 


00. 24 +y-— 32 =7 
Ran 32 = | 
3x + 4y — 3z = 13 


53 cer Dhrte AV a3 
x+3y+4z=1 
x+2y-—z=4 


56; 3x)—y = 2z = 11 
20 y = 22 — 1 
A OV, ei 


BO ns DXi Vite uO 
3x + 2y+z2=4 
Ai Vi ea 2 


287 


48. 2y+z2=7 
2H i Z3 
x-y=3 


Si- 24432 =5 
3y + 2z = 
3x + 4y 


| 
Ww 


=10 


Sie X= BY F271 
A237 — 
2x — 6y + 4z = 3 


57. 3x49 = 227= 2 
aly + 32:= 18 
26 = Dye Sa 


60..53% A 2ie5z,= 8 
24 3y.+ 27 10 
NO nace 
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GL. Tse 2yc 3a —4 62.1. Be =3y EEG 6 63. 2 8x =y2z=2 
26 y 37 = 2 4x — 5y + 2z = 10 4x + 2y —7z=0 
3x + 4y + 5z = 8 = Dyat Sz =4 2x sh3y — 3Z. = 7 
64. 2x + 2y + 3z = 13 65. 2x —3y + 7z=0 66. 5x + 37> 2 -) 
—3x+4y-z=5 x+ 4y —4z=-2 3x — 2y + 4z = 13 
5k ay 4 i= 2 34 2y 2 — 1 4g + 3y + 5z = 22 
APPLYING THE CONCEPTS 


67. The point of intersection of the graphs of the equations Ax + 2y = 2 
and 2x + By = 10 is (2, —2). Find A and B. 


II 
\o 


68. The point of intersection of the graphs of the equations Ax — 4y 
and 4x + By = —1 is (—1, —3). Find A and B. 


69. For what value of k is the system of equations dependent? 


Z 
a. 2x + 3y=7 Da a Coie =ky —1 
= =2x +2 
4x + 6y=k es x 


70. For what values of k is the system of equations independent? 
aa xary=7 b x+2y=4 ce, 2 ky — 1 
kx +y =3 kx + 3y =2 a+ ly = 2 


71. Given that the graphs of the equations 2x — y = 6, 3x — 4y = 4, and 
Ax — 2y = 0 all intersect at the same point, find A. 


72. Given that the graphs of the equations 3 2 Vi ed eA), 
and Ax + y = 8 all intersect at the same point, find A. 


73. Describe in your own words the process of solving a system of two 
A linear equations in two variables by the addition method. 


74. Explain, graphically, the following situations when they are related 
Y to a system of three linear equations in three variables. 

a. The system of equations has no solution. 

b. The system of equations has exactly one solution. 

c. The system of equations has infinitely many solutions. 








POINT OF INTEREST 


The word matrix was first used 
in a mathematical context in 

1850. The root of this word is 
the Latin mater. A matrix was 
thought of as an object from 
which something else 
originates. The idea was that a 
determinant, discussed below, 
Originated (was born) from a 
matrix. Today, matrices are one 
of the most widely used tools of 
applied mathematics. 


TAKE NOTE 


Note that vertical bars are used 
to represent the determinant 
and that parentheses are used 
to represent the matrix. 





Objective A 
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Solving Systems of Equations by 


Using Determinants 





Toravaltiateradeterminan tin ins cies iuiciwseisesinwitses«.-cs000dsassecsgsenccoocsrcncns 
A matrix is a rectangular array of numbers. Le pia Sr tet ek 
Each number in the matrix is called an element A=|0 Arte D 


of the matrix. The matrix at the right, with three 
rows and four columns, is called a 3 x 4 (read 
“3 by 4”) matrix. 


A matrix of m rows and n columns is said to be of order m X n. The matrix 
above has order 3 X 4. The notation a,, refers to the element of a matrix in the 


ith row and the jth column. For matrix A, a,, = —3,a,, = 6, and Ass = 2: 

A square matrix is one that has the same num- Pls oe Onl 
ber of rows as columns. A 2 X 2 matrix and a ( 5 ; son 
3 X 3 matrix are shown at the right. 2 A134 


Associated with every square matrix is a number called its determinant. 


Determinant of a 2 X 2 Matrix 


a2 


: Rall Atte Gossow a 
The determinant of a 2 x 2 matrix| ."' ~"? | is written |" 
orice 21 29 


The value of this determinant is given by the formula 


Cle 212 =e 


a 
4, a9 ti 


22 44944 








4 
=> Find the value of the determinant 5 
ie g)=3-2- 4-1) = 6-4) = 10 


The value of the determinant is 10. 
For a square matrix whose order is 3 X 3 or greater, the value of the determinant 
of that matrix is found by using 2 X 2 determinants. 


The minor of an element in a 3 X 3 determinant is the 2 X 2 determinant that 
is obtained by eliminating the row and column that contain that element. 


2° =3 4 
=> Find the minor of —3 for the determinant | 0 4 8i. 
=| 3.6 


The minor of —3 is the 2 X 2 determinant created by eliminating the row and 
column that contain —3. 


Eliminate the row and column as shown: 
0 8 a 
=aien 6 ‘ 


i ate 
WwW BW 
Ov oo 


The minor of —3 is 
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TAKE NOTE 


The only difference between 
the cofactor and the minor is 
one of sign. The definition at 
the right can be stated 
symbolically as follows: If C;,is 
the cofactor and M,.is the 


minor of the matrix element ain 


then C= (- 1)'*/M,,. lfitj 
is an even number, then 
(—1)'*/=1 and C= M; If 
{+ /is an odd number, then 
(—1)'+/= —1 and C= —M,. 


Cofactor of an Element of a Matrix 


The cofactor of an element of a matrix is (—1)'*+/times the minor 


of that element, where /is the row number of the element and /is 
the column number of the element. 





See 1 
=> For the determinant |2 —5 —4|, find the cofactor of —2 and of —5. 
0 3 1 
Because —2 is in the first row and the second column, i = 1 andj = 2. Thus 
wh ne | 
(—1)?/ = (-1)!*2 = (—1)3 = -1. The cofactor of —2 is |) ale 





Because —5 is in the second row and the second column, i = 2 andj = 2. 


ae Sak 
Thus (—1)'7 = (—1)2*2 = (—1)* = 1. The cofactor of —Susi ; |: 





Note from this example that the cofactor of an element is —1 times the minor of 
that element or 1 times the minor of that element, depending on whether the 
sum i + j is an odd or even integer. 


The value of a 3 X 3 or larger determinant can be found by expanding by cofac- 
tors of any row or any column. The result of expanding by cofactors using the 
first row of a 3 X 3 matrix is shown below. 


Qi, 42 443 






































a5, 6a GG a a 
Az, 422 423 mtiyal) ss ne a taQiaGalee ¢ - a Ty Gin cael) ats ai i 
de se 40s, 32 3 31 3 31 432 
ne A727 Ap3 Az, 43 Az, 42 
= (4) = = aL 
a 432 433 ms 43; 433 o 43; 432 
2 -3 2 
=> Find the value of the determinant |1 3-1). 
0 -2 2 
Expand by cofactors of the first row. 
2 -3 2p 
3 -1 
1 | ie |- 3 ; +28 | 
OM2 1042 me 


= 2(6 — 2) — (-3)(2 — 0) + 2(-2 — 0) 
= 2(4) — (~3)(2) + 2(-2) = 8 — (-6) + (-4) = 


To illustrate a statement made earlier, the value of this determinant will now be 
found by expanding by cofactors using the second column. 

















2, ©E 3h. 022 ee : 

1 3 lil = Ghia - Biz? Oy 3 42 2 

es eet) heat ats Pee) aa 
--ac0f, fal d]>carcof? 4 





nade fh ae 
= 3(2) + 3(4) + 2(-4) = 6 + 12 + (-8) = 10 
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~-Note that the value of the determinant is the same whether the first row or the 
second column is used to expand by cofactors. Any row or column can be used 
to evaluate a determinant by expanding by cofactors. 


Example 1 You Try It 1 


Find the value of Find the value of r 


3 
6 
Solution 
3-2 
6 —4 


: Your solution 
= 3(-4) - (—2)(6) =—12+12=0 


The value of the determinant is 0. 


Example 2 You Try It 2 
1 
Find the value of i Find the value of |3 
0 


Solution Your solution 
Expand by cofactors of the first row. 
Sat 

0 

3 
=—2 0 4 0 4 =2 
2. i 3 1 2 
=i 2( O10) = 32 = 0) Hol (8142) 
macs 6)--3(12)i+1(46) 
= bz — 50 — 6 
= —30 


The value of the determinant is —30. 


- -2| 


a 


FS 


Example 3 You Try It 3 
Ou 24 al 
Find the value of | 1 4 1}. Find the value of 
eS rt, 
Solution Your solution 
a 
1 4 
> 
4 1 oat 
3 : a Pee 
= 0 — (-2)(4 — 2) + 1(-3 — 8) 
= 2(2) + 1(-—11) 
=4-11 
=-7 


The value of the determinant is —7. 


as 
1 


= 


1 4 
Dieta Ss 


-0| +1 


Solutions on pp. S14-S15 | 
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Objective B_ To solve a system of equations by using Cramer's Rule...........:::::0:cc0 


_ POINT OF INTEREST 


Cramer's Rule is named after 
Gabriel Cramer, who used it in 
a book he published in 1750. 
However, this rule was 
published in 1683 by the 
Japanese mathematician 
Seki Kown. That publication 
occurred seven years before 
Cramer's birth. 





The connection between determinants and systems of equations can be under- 
stood by solving a general system of linear equations. 


Solven@)ia, sated, yee; 
(2)a,x Dy =c, 


Eliminate y. Multiply Equation (1) by b, and Equation (2) by —),. 
G,0,k 31D50,) —c,0, 
=0,0,X 00 yee C as 


¢ b, times Equation (1). 
e —h, times Equation (2). 


Add the equations. 


a,0;4- 4,0, 4 = €,0, —¢,0, 








(@bsi—.4.0,)% = C7 b cob, ° Solve for x, assuming a,b, — a, b, # 0. 
Cyb, — cyb, 
Poe See la 
a,b, — ab, 
The denominator a,b, — a,b, is the deter- joes iita a b, 
minant of the coefficients of x and y. This Cia ae aay DS 
is called the coefficient determinant. SoetiGients Of =e } 
coefficients of y 
The numerator c,b, — c,b, is the determi- pea eee b, 
nant obtained by replacing the first col- Le el Cs bs 








umn in the coefficient determinant by the 
constants c, and c,. This is called a numer- 
ator determinant. 


constants of Seay 


the equations 


Following a similar procedure and eliminating x, it is possible also to express the 
y-component of the solution in determinant form. These results are summarized 
in Cramer's Rule. 


Cramer's Rule 


ax+ by=c,... 
axt by = ¢ is given by 


The solution of the system of equations 


es 


b, Cy by|’ 


=» Solve by using Cramer's Rule: 3x — 2y = 1 


2x + 5y = 3 
3ee2 : 
De 5 5 = 19 ® Find the value of the coefficient determinant. 
1 -—2 3) il 
D, — ie = 7 © Find the value of each of the numerator 
3 5 y eS E 
determinants. 
{2 Lena | 7 
D 16° y= 7 Wo se Cramer's Rule to write the solution. 


: F ear 
The solution is (Ga): 
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_.--&A procedure similar to that followed for a system of two equations in two vari- 


ables can be used to extend Cramer’s Rule to a system of three equations in three 
variables. 


Cramer’s Rule for a System of Three Equations in Three Variables 
ax+ by + ¢,z= d, 
The solution of the system of equations a,x + by + c,z = d, 
aX + by + C32 = dy 


ee D D D 
is given by x= oa y=—andz= 7 where 


D 
d, 
C,|, D. = ~ - d,|, and D # 0. 
d; 





=» Solve by using Cramer’s Rule: 2x —y+z= 1 
Sy 27 ee 
Sn iy +32 = 4 


Find the value of the coefficient determinant. 





Zea 1 
aa Tee ie t=2 (es) 
pelt 3 2-22 2)-ca)! Jail 2 
1 6 3 ee outa 
3 1 3 
= 210) 19) = 1C8) 
= 23 


Find the value of each of the numerator determinants. 











jie =a 1 
B52 rs aS 
ee | — = —_— { — + 
p,=|-2 3 -2/=1)" cole ad a 
4 1 3 
=101) + 12) + 114) 
=—{ 
2 1 1 
Tr ee a2 
= _ — = = ae 
Deeg a 4 3 3 |; | 
3 4 3 
= 2(2) — 109) + 1010) 
=5 
2ee— 1 1 
Oe er 2. 3 
= — — ma) Nome ae 
Dea leh oes 2 2% ‘A 5 4 1); 4 
5 1 4 
= 2(14) + 1(10) + 1(—8) 
=—a30) 


Use Cramer’s Rule to write the solution. 


De! ee ee _ PD, _ 30 

eee oD 23" 7 08 
aro eetss an 

The solution is (-= eta | 


a 
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Example 4 You Try It 4 
Solve by using Cramer’s Rule: Solve by using Cramer's Rule: 
6x —-%W=5 3x —-y =4 
4x —6y =4 6x ya) 
Solution Your solution 
On 


= -36 + 36=0 
4 I 


D= 


D 
Because D = 0, D is undefined. 


Therefore, the system is dependent or 
inconsistent. 


It is not possible to solve this system by 
using Cramer's Rule. 


Example 5 You Try It 5 

Solve by using Cramer’s Rule: Solve by using Cramer’s Rule: 
SRE VEZ =D Lia A ek 

Rete Ve 27 = 8 Se ly == 3 

2x + 3y+z=4 Xion Vz = 2 


Solution Your solution 








eee 


Dee 
The solution is (1, 0, 2). 


Solutions on p. S15 
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5.4 Exercises 


ee ae oe ee eo sees emesis 8s te! (0) ane) 6 els sie) a leis) (e) 6) ace) ee 6 6 6 6 © «0 © e ene eo @ 8 6 eee 8 ee et et 8 





Objective A 


Evaluate the determinant. 





1. F =| Der is at 3 oe” 
De eal age -3 4 
area} SSG 60510 
Ly 2 4 Ne ev 
eels 2 Sagii4n thalyvid Osen sts 1 2 
Be eos i 2D oH 0 1 2 
20. 4 Se ck Sr eee 
10. |4 o 2 11. 4 2 6 12. Sims6eks5 
See 5 aan eret UA 6 
2 1 4 Zee, 6S eS 
Objective B 
Solve by using Cramer’s Rule. 
13. 2x — 5y = 26 14. 3x+ 7y = 15 15. x-4y=8 16. 5x +2y=—-5 
54 + 3y = 3 2x + 5y = 11 3x + 7y =5 3x + 4y = 11 
17. 2x+3y=4 18. 5x+4y=3 19. 2x + 5y =6 20. 7x + 3y=4 
6x — 12y = -5 15x—-A8y = —21 6x — 2y=1 5x -4y =9 





296 Chapter 5 / Systems of Linear Equations and Inequalities 


230 (et Vor = 9 26.. 3X — Ly ae 21. 3k — Vee 
x+4y+4z=5 2x By 20 t+ ay Se2z, = ee 
3x +2y+2z=5 3x —y FZ DRED) 2 = 5 
28. wm 2y4.32,— 8 29... 40 — 29 462 = 1 30. x=—3y+2z= 1 
26 — SV 2 = 3x + 4y + 2z=1 26 =P y= 42Z 5 
3x — 4y + 2z=9 Ze Vir oc an Sx— Dy. 67 = =3 
31. 5x -—4y + 2z=4 32. w+t4y4z=7 33. 3x —2y $2Z7=—5 
36 = 5y- 37 = —4 easy —Z=— 1 6x 3y = "47 =—1 
sey — Se=12 5c yy 22 3x —y +.2z=4 


APPLYING THE CONCEPTS 


34. Determine whether the following statements are always true, some- 
times true, or never true. 
a. The determinant of a matrix is a positive number. 
b. A determinant can be evaluated by expanding about any row or col- 
umn of the matrix. 
c. Cramer's Rule can be used to solve a system of linear equations in 
three variables. 


Complete. 


35. If all the elements in one row or one column of a 2 X 2 matrix are 
zeros, the value of the determinant of the matrix is 


36. If all the elements in one row or one column of a 3 X 3 matrix are 
zeros, the value of the determinant of the matrix is 


Lok a 
37. a. The value of the determinant|y y b| is 
ae an, 


b. If two columns of a 3 X 3 matrix contain identical elements, the 
value of the determinant is 
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Fe 5] Application Problems in 
-_ Two Variables 








Baetivey A To solve rate-of-wind or rate-of-current probleMS...............0.6.00+ {18} ) 


Motion problems that involve an object moving with or against a wind or cur- 
rent normally require two variables to solve. 


=» A motorboat traveling with the current can go 24 mi in 2 h. Against the cur- 
rent, it takes 3 h to go the same distance. Find the rate of the motorboat in 
calm water and the rate of the current. 


Strategy for Solving Rate-of-Wind or 
Rate-of-Current Problems 


1. Choose one variable to represent the rate of the object in calm 
conditions and a second variable to represent the rate of the wind 


or current. Using these variables, express the rate of the object 
with and against the wind or current. Use the equation rt = d to 
write expressions for the distance traveled by the object. The 
results can be recorded in a table. 





TAKE NOTE Rate of the boat in calm water: x 
Rate of the current: y 


The boat travels faster when it 
travels with the current than 
when it travels against the 


current. Note that the boat's ss We 
rate is increased by the rate of 


oe ] a : 
the current when it is traveling ne oe sat oasis pecan cs SANG oes Uae 
with the current, and the boat's ies {the curre wot eee ane as oe 36-9) 


rate is decreased by the rate of 
2. Determine how the expressions for distance are related. 


the current when it is traveling 

against the current. 
The distance traveled with the current is 24 mi: 2(@ + y) = 24 
The distance traveled against the current is 24 mi: 3(x — y) = 24 










2(x + y) = 24 © Solve this system of equations. 
3(x — y) = 24 
x+ty=12 © Divide each side of the first equation by 2. 
x-y=8 ® Divide each side of the second equation by 3. 
2x = 20 e Add the equations. 
x= 10 © Solve the equation for x. 
x+y=12 
10+y=12 ® Replace x by 10 in the equation x + y= 12 
vine and solve for y. 


The rate of the boat in calm water is 10 mph. 
The rate of the current is 2 mph. 
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Example 1 You Try It 1 

Flying with the wind, a plane flew A rowing team rowing with the current 
1000 mi in 5 h. Flying against the wind, traveled 18 mi in 2 h. Against the current, 
the plane could fly only 500 mi in the the team rowed 10 mi in 2 h. Find the rate 
same amount of time. Find the rate of of the rowing team in calm water and the 
the plane in calm air and the rate of the rate of the current. 

wind. 


Strategy Your strategy 
Rate of the plane in still air: p 
Rate of the wind: w 


» The distance traveled with the wind is 
1000 mi. 
The distance traveled against the wind 
is 500 mi. 





Solution Your solution 
5(p + w) = 1000 
5(p — w) = 500 


p +w = 200 ® Divide each side of 
p —w = 100 each equation by 5. 


2p = 300 
p = 150 
p +w = 200 
150 + w = 200 
w = 50 





The rate of the plane in calm air is 
150 mph. The rate of the wind is 50 mph. 


Solution on p. S15 





Objective B_ To solve application problems using two variables ..................... {18} ) 


The application problems in this section are varieties of problems solved earlier 
in the text. Each of the strategies for the problems in this section will result in a 
system of equations. 


=» A store owner purchased twenty 60-watt light bulbs and 30 fluorescent bulbs 
for a total cost of $40. A second purchase, at the same prices, included thirty 
60-watt light bulbs and 10 fluorescent bulbs for a total cost of $25. Find the 
cost of a 60-watt bulb and that of a fluorescent bulb. 
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POINT OF INTEREST == 
a Strategy for Solving an Application Problem in 


The Babylonians had a method Two Variables 

for solving a system of 

“equations. Here is an 1. Choose one variable to represent one of the unknown quantities 
adaptation of a problem from — and a second variable to represent the other unknown quantity. 


an ancient (around 1500 8.c.) _ 
Babylonian text. “There are two 


Silver blocks. The aunt ofs d of — 
the first block and 77 of 
the second block i : ue shegel 


Write numerical or variable expressions for all the remaining 
quantities. These results can be recorded in tables. 





(a weight). The first block Cost of a 60-watt bulb: b 
diminished by sof its weight Cost of a fluorescent bulb: f 
equals the second diminished ‘i 

byt 77 Of its weight. What are First purchase 


the weights of the two blocks?” 


2. Determine a system of equations. The strategies presented in 
Chapter 2 can be used to determine the Peace between 
the expressions in the tables. 





The total of the first purchase was $40: 20b + 30f = 40 
The total of the second purchase was $25: 30b + 10f = 25 


Solve the system of equations: (1) 20b + 30f = 40 
QM e30b - 10f = 25 


60b + 90f = 120 ¢ 3 times Equation (1) 
—60b — 20f = —50 © —2 times Equation (2) 


70f = 70 
Aw 

Replace f by 1 in Equation (1). Solve for b. 
20b + 30f = 40 
20b + 30(1) = 40 
20b + 30 = 40 
20b = 10 
b=0.5 


The cost of a 60-watt bulb was $.50. 
The cost of a fluorescent bulb was $1.00. 


ae 
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Example 2 You Try It 2 
A total of 260 tickets were sold for a An investment adviser invested $15,000 in 


softball game. Adult tickets sold for $6 two accounts. One investment earned 8% 

each, and children’s tickets sold for $2 annual simple interest. The other 

each. If the total receipts were $1220, investment earned 7% annual simple 

how many adult tickets and how many interest. The total interest in one year was 

children’s tickets were sold? $1170. How much was invested in each 
account? 





Strategy Your strategy 
» Number of adult tickets sold: A 
Number of children’s tickets sold: C 


* The total number of tickets sold was 260. 
The total receipts were $1220. 


Solution Your solution 
Al se (CS XD 
OAR Ge) 


Ay 2C = 5520 
6A + 2C = 1220 
4A = 700 
A= 175 


A+C= 260 
175 + C = 260 
C= 85 


There were 175 adult tickets sold. 
There were 85 children’s tickets sold. 


Solution on p. S15 
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5.5 Exercises 


ir ceases home oS au en Smee s sie) ens cslleuceu (el («lolol 6 Mel del ieiles al) alfch| 6...91.5) 6 0, 10 obie.ne 10) 0) le 6, 0 ep © @00 @ efi 6 @ 6 6 8 6 


Objective A Application Problems 


A motorboat traveling with the current went 36 mi in 2 h. Against the 
current, it took 3 h to travel the same distance. Find the rate of the boat 
in calm water and the rate of the current. 


A cabin cruiser traveling with the current went 45 mi in 3 h. Against the 
current, it took 5 h to travel the same distance. Find the rate of the 
cabin cruiser in calm water and the rate of the current. 


A jet plane flying with the wind went 2200 mi in 4 h. Against the wind, 
the plane could fly only 1820 mi in the same amount of time. Find the 
rate of the plane in calm air and the rate of the wind. 


Flying with the wind, a small plane flew 300 mi in 2 h. Against the 
wind, the plane could fly only 270 mi in the same amount of time. Find 
the rate of the plane in calm air and the rate of the wind. 


A rowing team rowing with the current traveled 20 km in 2 h. Rowing 
against the current, the team rowed 12 km in the same amount of 
time. Find the rate of the rowing team in calm water and the rate of 
the current. 


A motorboat traveling with the current went 72 km in 3 h. Against the 
current, the boat could go only 48 km in the same amount of time. Find 
the rate of the boat in calm water and the rate of the current. 


A turbo-prop plane flying with the wind flew 800 mi in 4 h. Flying 
against the wind, the plane required 5 h to travel the same distance. 
Find the rate of the wind and the rate of the plane in calm air. 


Flying with the wind, a pilot flew 600 mi between two cities in 4 h. The 
return trip against the wind took 5 h. Find the rate of the plane in calm 
air and the rate of the wind. 
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9. A plane flying with a tailwind flew 600 mi in 5 h. Against the wind, the 
plane required 6 h to fly the same distance. Find the rate of the plane in 
calm air and the rate of the wind. 


10. Flying with the wind, a plane flew 720 mi in 3 h. Against the wind, the 
plane required 4 h to fly the same distance. Find the rate of the plane in 
calm air and the rate of the wind. 


11. A motorboat traveling with the current went 48 mi in 3 h. Against the 
current, it took 4.8 h to travel the same distance. Find the rate of the 
boat in calm water and the rate of the current. 


12. A plane traveling with the wind flew 3625 mi in 6.25 h. Against the 
wind, the plane required 7.25 h to fly the same distance. Find the rate 
of the plane in calm air and the rate of the wind. 


13. A cabin cruiser traveling with the current went 45 mi in 2.5 h. Against 
the current, the boat could go only 30 mi in the same amount of time. 
Find the rate of the cabin cruiser and the rate of the current. 


14. Flying with the wind, a plane flew 450 mi in 3 h. Against the wind, the 
plane could fly only 270 mi in the same amount of time. Find the rate 
of the plane in calm air and the rate of the wind. 





Objective B_ Application Problems 


15. A merchant mixed 10 lb of a cinnamon tea with 5 lb of spice tea. The 
15-pound mixture cost $40. A second mixture included 12 lb of the cin- 
namon tea and 8 lb of the spice tea. The 20-pound mixture cost $54. 
Find the cost per pound of the cinnamon tea and the spice tea. 


16. A carpenter purchased 60 ft of redwood and 80 ft of pine for a total cost 
of $27. A second purchase, at the same prices, included 100 ft of red- 
wood and 60 ft of pine for a total of $34. Find the cost per foot of red- 
wood and the cost per foot of pine. 
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17. A contractor buys 16 yd of nylon carpet and 20 yd of wool carpet for 
$920. A second purchase, at the same prices, includes 18 yd of nylon 


carpet and 25 yd of wool carpet for $1100. Find the cost per yard of the 
wool carpet. 


18. During one month, a homeowner used 500 units of electricity and 100 
units of gas, for a total cost of $88. The next month, 400 units of elec- 
tricity and 150 units of gas were used, for a total cost of $76. Find the 
cost per unit of gas. 


19. A company manufactures both 10-speed and standard model bicycles. 
The cost of materials for a 10-speed bicycle is $35, and the cost of ma- 
terials for a standard bicycle is $25. The cost of labor to manufacture a 
10-speed bicycle is $40, and the cost of labor to manufacture a standard 
bicycle is $20. During a week when the company has budgeted $1250 
for materials and $1300 for labor, how many 10-speed bicycles does the 
company plan to manufacture? 


20. A company manufactures both color and black-and-white television 
sets. The cost of materials for a black-and-white TV is $20, and the cost 
of materials for a color TV is $80. The cost of labor to manufacture a 
black-and-white TV is $30, and the cost of labor to manufacture a color 
TV is $50. During a week when the company has budgeted $4200 for 
materials and $2800 for labor, how many color TVs does the company 
plan to manufacture? 


21. A chemist has two alloys, one of which is 10% gold and 15% lead and 
the other of which is 30% gold and 40% lead. How many grams of each 
of the two alloys should be used to make an alloy that contains 60 g of 
gold and 88 g of lead? 


22. A pharmacist has two vitamin-supplement powders. The first powder is 
20% vitamin B, and 10% vitamin B,. The second is 15% vitamin B, and 
20% vitamin B,. How many milligrams of each of the two powders 
should the pharmacist use to make a mixture that contains 130 mg of 
vitamin B, and 80 mg of vitamin B,? 


23. Two angles are complementary. The larger angle is 9° more than eight 
times the measure of the smaller angle. Find the measure of the two an- 
gles. (Complementary angles are two angles whose sum is 90°.) 
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24. Two angles are supplementary. The larger angle is 40° more than three 
times the measure of the smaller angle. Find the measure of the two an- 
gles. (Supplementary angles are two angles whose sum is 180°.) 


25. The total receipts from 245 tickets sold to a play were $1045. Adult tick- 
ets sold for $5 each, and student tickets sold for $3 each. Find the num- 
ber of adult tickets and the number of student tickets sold. 


26. The income from a theater production was $4150. The price of a stu- 
dent ticket was $6, and the price of a nonstudent ticket was $10. Find 
the number of student tickets and the number of nonstudent tickets 
sold. 


27. You have a total of $5000 invested in two simple interest accounts. On 
one account, the annual simple interest rate is 6%. On the second ac- 
count, the annual simple interest rate is 8%. The total annual interest 
earned in one year is $370. How much is invested in each account? 


28. Two investments earn total annual interest of $970. One investment is 
in a 7.5% annual simple interest account. The other investment is in a 
9.5% annual simple interest account. The total in the two investments 
is $12,000. How much is invested in each account? 


APPLYING THE CONCEPTS 


29. The sum of the digits of a two-digit number equals ; of the number. If 
the digits of the number are reversed, the new number is equal to 36 
less than the original number. Find the original number. 


30. The sum of the digits of a two-digit number equals : of the number. If 
the digits of the number are reversed, the new number is equal to 9 
more than the original number. Find the original number. 


31. A coin bank contains only nickels and dimes. The total value of the 
coins in the bank is $2.50. If the nickels were dimes and the dimes were 
nickels, the total value of the coins would be $3.50. Find the number of 
nickels in the bank. 


32. The total value of the quarters and dimes in a coin bank is $5.75. If the 
quarters were dimes and the dimes were quarters, the total value of the 
coins would be $6.50. Find the number of quarters in the bank. 








Objective A 


POINT OF INTEREST 


_ Large systems of linear 
inequalities containing over 100 
inequalities have been used to 
solve application problems in 
such diverse areas as providing 
health care and hardening a 
nuclear missile silo. 
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Solving Systems of 
Linear Inequalities 





To graph the solution set of a system of 
BMAP ae sock Bete a Soah cs chav assaitceshinina.dgws 


Iwo or more inequalities considered together are called a system of inequali- 
ties. The solution set of a system of inequalities is the intersection of the so- 
lution sets of the individual inequalities. To graph the solution set of a system of 
inequalities, first graph the solution set of each inequality. The solution set of the 
system of inequalities is the region of the plane represented by the intersection 
of the two shaded areas. 


=> Graph the solution set: 2x — y = 3 
Sr hey 38 


Solve each inequality for y. 


Di NOSES SUA Zy 8 
Vi eNO 2a SKS 
Vie DX a8 yo-sx+4 


Graph y = 2x — 3 asa solid line. Because the 
inequality is =, shade above the line. 





Graph y = x + 4 as a dotted line. Because the 


inequality is >, shade above the line. 


The solution set of the system is the region of the plane represented by the 
intersection of the solution sets of the individual inequalities. 


=> Graph the solution set: —x + 2y = 4 
Kien Veet 


Solve each inequality for y. 


eet 2 a ce Ly = 6 
2y=x+4 oy 0 
peed ee 

2 Z 


Shade above the solid line y = 5x + 2: 





Shade below the solid line y = 5x 5: 


Because the solution sets of the two inequalities do not intersect, the solution 
of the system is the empty set. 
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Example 1 
Graph the solution set: y = x — 1 
Vee 


Solution 
Shade above the solid line y = x — 1. 
Shade below the dotted line y = —2x. 


The solution of the system is the intersection 
of the solution sets of the individual 
inequalities. 


y 


Example 2 
Graph the solution set: 2x + 3y > 9 


eee 
Sree: 


Solution 
In oy 29 
Bye oN nO 


y) 
Der Fe 


Graph above the dotted line y 


Graph below the dotted line y 


? 


The intersection of the system is the empty 
set, because the solution sets of the two 
inequalities do not intersect. 


You Try It 1 


Graph the solution set: y = 2x — 3 


Your solution 


You Try It 2 


ya OK 


Graph the solution set: 3x + 4y > 12 


Your solution 


See 
ar 


Solutions on p. S16 
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5.6 Exercises 


Objective A 


Graph the solution set. 


ine y= 3 Ze 
ye 5 








8. Se D 9. 
3x + 2y>4 








12.54 — 297210 
3x4 2y'= 6 
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ioe 2 V4 14. 3x-4y<12 (ey 
a2) <6 KP 2VE—6 





18; 3x — 2y 30 
Dia Vee 
y<4 





APPLYING THE CONCEPTS 
Graph the solution set. 
19. 2x+3y<15 20. x+y <6 21. x-y<5 


ore = 6 Lee 2% = V6 
y=0 x=0 y=0 





Solve an Easier 
Problem 


Team A 2 Team B 


Team C 6 Team D 


Using a Graphing 
Calculator to Solve a 


System of Equations P 
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Focus on Problem Solving 


Suppose you are in charge of your softball league, which consists of 15 teams. 
You must devise a schedule in which each team plays every other team once. 
How many games must be scheduled? 


To solve this problem, we will attempt an easier problem first. Suppose that your 
league contains only a small number of teams. For instance, if there were only 
1 team, you would schedule 0 games. If there were 2 teams, you would schedule 
1 game. If there were 3 teams, you would schedule 3 games. The diagram at the 
left shows that 6 games must be scheduled when there are 4 teams in the league. 


Here is a table of our results so far. (Remember that making a table is another 
strategy to be used in problem solving.) 





1. Draw a diagram with 5 dots to represent the teams. Draw lines from each 
dot to a second dot, and determine the number of games required. 


2. What is the apparent pattern for the number of games required? 


3. Assuming that the pattern continues, how many games must be scheduled 
for the 15 teams of the original problem? 


After solving a problem, good problem solvers ask whether it is possible to solve 
the problem in a different manner. Here is a possible alternative method of solv- 
ing the scheduling problem. 


Begin with one of the 15 teams (say team A) and ask, “How many games must 
this team play?” Because there are 14 teams left to play, you must schedule 14 
games. Now move to team B. It is already scheduled to play team A, and it does 
not play itself, so there are 13 teams left for it to play. Consequently, you must 
schedule 14 + 13 games. 


4. Continue this reasoning for the remaining teams and determine the number 
of games that must be scheduled. Does this answer correspond to the an- 
swer you obtained with the first method? 


5. Visit www.sports.com to get lists of professional sports teams, divisions, etc. 
Find the strategy used to create the schedule of your favorite team. 


6. Making connections to other problems you have solved is an important step 
toward becoming an excellent problem solver. How does the answer to the 
scheduling of teams relate to the triangular numbers discussed in the Focus 
on Problem Solving in the chapter entitled Linear Equations and Inequali- 
ties in Two Variables? 


| Projects and Group Activities 


A graphing calculator can be used to solve a system of equations. For this proce- 
dure to work on most calculators, it is necessary that the point of intersection be 
on the screen. This means that you may have to experiment with Xmin, Xmax, 
Ymin, and Ymax values until the graphs intersect on the screen. 
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To solve a system of equations graphically, solve each equation for y. Then graph 
the equations of the system. Their point of intersection is the solution. 


For instance, to solve the system of equations 


4x — 3y =7 
5x + 4y =2 


first solve each equation for y. 





4 7 
Loreal > dems FG 


> 1 
Sh BY aie ear bo 


The keystrokes to solve this system are given below. We are using a viewing 
window [—4.7, 4.7] by [—3.1, 3.1]. 


Casio CFX-9850G 
[MENU] 5 [F2] [Fi] 4 [x.o,T] [=] 3 
[=] 7 E] 3 [EXE] [F2] [F1] 
[CLEAR] [(=)] 5 [xe,T] [=] 4 
[+] 1 [=] 2 [EXE] [GRAPH] 


SHARP EL-9600 
[y =] [cL] 4 Exot] [=] 3 E] 
7 [=] 3 [ENTER] [cL] [©] 

5 [wortn| [=] 44] 1] 2 


GRAPH 



















[r=] (CLEAR) 4 Ten) F135) 
7 [=] 3 [ENTER] [CLEAR] 

ls kite) E4G1 
2 [GRAPH] 


Once the calculator has drawn the graphs, use the TRACE feature and move the 
cursor to the approximate point of intersection. This will give you an approxi- 
mate solution of the system of equations. The approximate solution is (1.096774, 
—0.870968). The method by which a more accurate solution can be determined 
depends on the type of calculator you use. Consult the user’s manual under “sys- 
tems of equations.” 


Some of the exercises in the first section of this chapter asked you to solve a sys- 
tem of equations by graphing. Try those exercises again, this time using your 
graphing calculator. 


Current models of calculators do not allow you to solve graphically a system of 
equations in three variables. However, these calculators do have matrix and de- 
terminant operations that can be used to solve these systems. 


Solving a First- A first-degree equation in one variable can be solved graphically by using a 
Degree Equation graphing calculator. The idea is to rewrite the equation as a system of equations 
with a Graphing and then solve the system of equations as we illustrated above. For instance, to 

Calculator solve the equation 





De en) 


write the equation as the following system of equations. 


V2 I 
y= sx — 5 
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Notice that we have used the left and right sides of the original equation 
to form the system of equations. 


Now graph the equations and find the point of intersection. This is shown 
at the left using a viewing window of [—9.6, 9.6] by [—9.6, 9.6]. The solu- 
tion of the original equation, 2x + 1 = 5x — 5, is the x-coordinate of the 
point of intersection. Thus the solution of the equation is 2. 


Recall that not all equations have a solution. Consider the equation 
x — 3(x +2) = 2x — 202% — 2) 


The graphs of the left and right sides of the equation are shown at the 

© left. Note that the lines appear to be parallel and therefore do not inter- 
sect. Since the lines do not intersect, there is no solution of the system of 
equations and thus no solution of the original equation. We algebraically 
verify this result below. 


xe —3(x + 2) = 2% = 2(2% — 2) 


x — 3X —6=2x — 4x + 4 e Use the Distributive Property. 
2X. — (6 = —2x +4 © Simplify. 
-6=4 e Add 2x to each side of the equation. 


Because —6 = 4 is not a true equation, there is no solution. 


One last point about the last equation. Note that in the third line of the 
solution we obtain the expressions —2x — 6 and —2x + 4. If we were to 
graph y = —2x — 6 and y = —2x + 4, the slopes of the lines are equal 
(both are —2) and therefore the graphs of the lines are parallel. 


Before we leave graphical solutions, a few words of caution. Graphs can 
be deceiving and appear not to intersect when they do, and appear to in- 
tersect when they do not. For instance, an attempt to graphically solve 


Mise = I) = ilewe 4e Se 
is shown at the left. 


If you use the viewing window [—9.6, 9.6] by [—9.6, 9.6], the graphs will appear 
to be parallel. However, the graphs of y = 2x — 10 and y = 1.8x + 3.6 do not have 
the same slope and therefore must intersect. For this equation, you need a larger 
viewing window to see the point of intersection. 


Solve the following equations by using a graphing calculator. 
30 — t= 5x + I 

3x +2=4 

Site —4) = 5x — 3) 

Cee OA 3X 42) 2 


Explain how problem 4 relates to an identity as explained in Sec. 2.1. 


Oe to 


Find an appropriate viewing window so that you can determine the solution 
of the equation 2x — 10 = 1.8x + 3.6 given above. 


| Chapter Summary 


Equations considered together are called a system of equations. 


A solution of a system of equations in two variables is an ordered pair that is a 
solution of each equation of the system. 


- 


ge 
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Essential Rules 


When the graphs of a system of equations intersect at only one point, the sys- 
tem is called an independent system of equations. When the graphs of a system 
of equations coincide, the system is called a dependent system of equations. 
When a system of equations has no solution, it is called an inconsistent system 
of equations. 


An equation of the form Ax + By + Cz = D is a linear equation in three variables. 
A solution of a system of equations in three variables is an ordered triple that is a 
solution of each equation of the system. 


A matrix is a rectangular array of numbers. Each number in the matrix is called 
an element of the matrix. A matrix of m rows and n columns is said to be of order 
m Xn. A square matrix has the same number of rows as columns. 


A determinant is a number associated with a square matrix. 


The minor of an element in a 3 X 3 determinant is the 2 X 2 determinant ob- 
tained by eliminating the row and column that contain that element. The co- 
factor of an element of a matrix is (—1)‘*/ times the minor of that element, 
where i is the row number of the element and j is its column number. 


The evaluation of the determinant of a 3 X 3 or larger matrix is accomplished by 
expanding by cofactors. 


Inequalities considered together are called a system of inequalities. The solution 
set of a system of inequalities is the intersection of the solution sets of the indi- 
vidual inequalities. 


A system of equations can be solved by a graphing method, by the substitution 
method, or by the addition method. 


2 : ? a,x + = 
Cramer's Rule The solution of the system of equations ' ia is 
ax +D,y-—C, 





given by x = “: and y = =, where D = |“ 





a, C 
D 1 1 
, 


z sand D = 0. 














a2 C2 
The solution of the system of equations 
Ge Diy teen 


a,x + boy + cz = d, is given by x = 2s, y= a and 
a,x + b,y +¢,2 = d, 


i aii ce) die DyNGt 
Zeek iwhiereD =Slay eb ete, 5D = |d, b, C5), 
a, b3 ¢; d; b3 cy 

God) 7c; Gaubpad, 


D..= |. da. €|,.D, = la. sb gd, and. 0, 
Cael ouues a, b; d, 


Chapter Réview 





1. Solve by graphing: 2x — 3y = —6 





3. Graph the solution set: 2x — y <3 
4x + 3y< 11 





5. Solve by substitution: 3x + 2y = 4 
cee — | 


7. Solve by substitution: y = 3x — 7 
v= 24 3 


9. Solve by the addition method: 
Ai OY = 9 
6x — 9y = 4 


11. Solve by the addition method: 
2x + 4y — z= 3 
XV ree = "5 
4x + 8y — 2z=7 


4. 


10. 


12. 
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Solve by graphing: x — 2y = —5 
3x + 4y = -15 





Graph the solution set: x + y > 2 
2 | 





Solve by substitution: 5x + 2y = —23 
2x +y = —-10 


Solve by the addition method: 3x + 4y = —2 
2x +5y=1 


Solve by the addition method: 
Sey = 2 ye 
5x 2y = y +16 


Solve by the addition method: 


Mey en 2 = 
2x+zZ=2 
Bye 27 = 1 
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fie ae 
ed ae inant: |3 1. 1 
13. Evaluate the determinant: — 14. Evaluate the determinant: 
: 2 eee 
15. Solve by using Cramer’s Rule: 16. Solve by using Cramer's Rule: 
x-y=3 5x dy = 9 
2k y= =4 3x oy == 7 
17. Solve by using Cramer’s Rule: 18. Solve by using Cramer’s Rule: 
ete Sx Ly 2e — 2 
Dey 7 = | eye 
Ke 2y 32 = —4 2K BN oe 8 


19. A plane flying with the wind went 350 mi in 2 h. The return trip, flying 
against the wind, took 2.8 h. Find the rate of the plane in calm air and the 
rate of the wind. 


20. Aclothing manufacturer purchased 60 yd of cotton and 90 yd of wool for a 
total cost of $1800. Another purchase, at the same prices, included 80 yd of 
cotton and 20 yd of wool for a total cost of $1000. Find the cost per yard of 
the cotton and of the wool. 
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1. Solve by substitution: 2x — 6y = 15 2. Solve by the addition method: 3x + 2y = 2 
x=4y+8 Avi 
3. Solve by graphing: x+y = 3 4. Solve by graphing: 2x — y = 4 
3x — 2y = -6 ye 4 





5. Solve by substitution: 3x + 12y = 18 6. Solve by the addition method: 5x — 15y = 30 
x +4y=6 Ke = S= 6 
7. Solve by the addition method: 8. Solve by the addition method: 
ao 4p — 27, = 17 Biwi — 13 
4¢— 3y + 5z=5 2y +3z2=5 
5x — 5y + 3z = 14 x27 = 11 
9. Evaluate the determinant: 10. Evaluate the determinant: 
1S eo cee 
Oot aa 
Dies 


A308 
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11. Solve by using Cramer’s Rule: 12. Solve by using Cramer's Rule: 
Di Ve] 3x — 4y = 10 
3x + 2y=7 2x + 5y = 15 
13. Solve by using Cramer’s Rule: 14. Solve by using Cramer’s Rule: 
xt+y+z=0 xr 3y +z = 6 
x + 2y er 3z = 5 2xx+y=zZ=12 
20 +y 27 = 3 LY ee 
15. Graph the solution set: 16. Graph the solution set: 
EASY S10 2x+4y=8 
2x-y24 Key 3 





17. Solve by substitution: 
3x —2y=4 
yor — 9 


18. A cabin cruiser traveling with the current went 60 mi in 3 h. Against the 
current, it took 5 h to travel the same distance. Find the rate of the cabin 
cruiser in calm water and the rate of the current. 


19. A pilot flying with the wind flew 600 mi in 3 h. Flying against the wind, the 
pilot required 4 h to travel the same distance. Find the rate of the plane in 
calm air and the rate of the wind. 


20. Ata movie theater, admission tickets are $5 for children and $8 for adults. 
The receipts for one Friday evening were $2500. The next day there were 
three times as many children as the preceding evening and only half the 
number of adults as the night before, yet the receipts were still $2500. Find 
the number of children who attended on Friday evening. 





1. 


Cumulative Review 


Simplify: —2V 90 2: 


Simplify: 3[x — 2(5 — 2x) — 4x] + 6 4. 


Solve: 2x —-3<9or5x-—-1<4 6. 


Solve: |2x — 3] >5 8. 


Graph the solution set of 10. 


{x|x = 2} M {x|x > —3}. 


ies et ON 23 45S 


Find the equation of the line that contains 12; 


the points (2, —1) and (3, 4). 


Graph 2x — 5y = 10 by using the slope and 14. 


y-intercept. 
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Solve: 3(a — 5) = 2x + 7 


Evaluate a + bc + 2 whena = 4, b = 8, and 
c= —-2. 


Solve |x —2|'—=4-< 2 


Given F(x) = x* — 3, find F(2). 


Find the equation of the line that contains 
the point (—2, 3) and has slope -=. 


Find the equation of the line that contains 
the point (—1, 2) and is perpendicular to the 
line 20 — oy — 7: 


Graph the solution set of the inequality 
3x 4y = 8. 
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15, 


17. 


19. 


21. 


ee 


Z3: 


24. 


Zoe 
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16. Solve by substitution: 
34 2y 7 
y= le — 1 


Solve by graphing: 
De ZV = 40 
3x + 2y = 6 





Solve by the addition method: 18. Evaluate the determinant 


3x + 2z=1 eas el 
ely = 1 amelie 


Solve by using Cramer’s Rule: 20. Graph the solution set: 
4x — 3y = 17 3x = 2y 4 
BX 2) 112 Ke ae, 


How many milliliters of pure water must be added to 100 ml of a 4% salt 
solution to make a 2.5% salt solution? 


Flying with the wind, a small plane required 2 h to fly 150 mi. Against the 
wind, it took 3 h to fly the same distance. Find the rate of the wind. 


A restaurant manager buys 100 lb of hamburger and 50 lb of steak for a 
total cost of $490. A second purchase, at the same prices, includes 150 lb 
of hamburger and 100 lb of steak. The total cost is $860. Find the price of 
1 lb of steak. 


Find the lower and upper limits of a 12,000-ohm resistor with a 15% 
tolerance. 


The graph shows the relationship between the monthly income and 
the sales of an account executive. Find the slope of the line between 
the two points shown on the graph. Write a sentence that states the 
meaning of the slope. 


Income 
(in dollars) 
w 
S 
S 
S 


0 20 40 60 80100 








Sales 
(in thousands of dollars) 








ah h School 
—— Hiking and Biking Tr: 
E Community Park 


Itis s the job of urban planners to work ee ee and 
vitalization of urban areas. They must deal not only with 
such current problems as deterioration and pollution, but 
so with projections of long-term needs and plans for one 
uture. Making estimations of changes i in population, health | 
( requirements, housing needs, and transportation 
ystems requires working with variables. : os 

















Polynomials 





Objectives 


Section 6.1 
To multiply monomials 


To divide monomials and simplify expressions 
with negative exponents 


To write a number using scientific notation 
To solve application problems 


Section 6.2 
To evaluate polynomial functions 
To add or subtract polynomials 


Section 6.3 

To multiply a polynomial by a monomial 

To multiply two polynomials 

To multiply two binomials 

To multiply binomials that have special products 
To solve application problems 


Section 6.4 

To divide polynomials 

To divide polynomials using synthetic division 
To evaluate a polynomial using synthetic division 








Origins of the Word Algebra 


The word algebra has its origins in an Arabic book written 
around A.D. 825, Hisab al-jabr w’ almuqa-balah by — 
al-Khowarizmi. The word al-jabr, which literally 
translated means “reunion,” was written as the word 
algebra in Latin translations of al- Khowarizmi’s work and 
became synonymous with equations and the solutions of 
equations. It is interesting to note that an early meaning of 
the Spanish word algebrista was “bonesetter” or ‘ “reuniter_ 
of broken bones.” lg 


This same al-Khowarizmi also made a second contribution 
to our language of mathematics. One of the translations of 
his work into Latin shortened his name to Algoritmi. A _ 
further modification of this word gives us our present 
word algorithm. An algorithm is a procedure or set of 
instructions used to solve different types of problems. 
Computer scientists use algorithms when writing 
computer programs. 


A further historical note: Omar Khayyam, a Persian who 
probably read al-Khowarizmi's work, is especially noted as 
a poet and the author of the Rubdiyat. However, he was. 
also an excellent mathematician and astronomer and made 
many contributions to mathematics. 
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ey 


Objective A To multiply Monomiials.............0:cccc000000000000 Lt 
Ply emma eee erie ecrrsaeeet eters eeocenetiateaegs €@) aw 
A monomial is a number, a variable, or a product of a number and variables. 
POINT OF INTEREST The examples at the right are monomials. x degree 1 (x. = x!) 
2 2 2 of 
65 The degree of a monomial is the sum of ee degree 2 
8x2 shown at the right would the exponents of the variables. 4xy degree 3 
have been written AY3 or at Ox yee degree 9 
least approximately like that. 2 7 ’ . 
In A.D. 250, the symbol for 3 In this chapter, the variable n is considered ae degree n 
was not the one we use a positive integer when used as an exponent. 
today. 
The degree of a nonzero constant term is 6 degree 0 
zero. 


The expression 5Vx is not a monomial because Vx cannot be written as a prod- 
uct of variables. The expression 7 is not a monomial because it is a quotient 


of variables. 


The expression x* is an exponential expression. The exponent, 4, indicates the 
number of times the base, x, occurs as a factor. 


The product of exponential expres- 3 factors 4 factors 

: . 5 es eet 
sions with the same base can be sim- x3 x4 = (xxx): (xx x-x) 
plified by writing each expression in a 
factored form and writing the result 7 factors 
with an exponent. = x! 
Note that adding the exponents re- eA any es aeiciee 


sults in the same product. 


Rule for Multiplying Exponential Expressions 


If mand nare positive integers, then x”- x” = x™*”. 





=> Multiply: (—4x°y3)(3xy?) 


(—425y3)(3xy?) = : Ga : 3)(x9 é x) +) | * Use the Commutative and 
Associative Properties of 
Multiplication to rearrange and 


group factors. 


TAKE NOTE 

The Rule for Multiplying ; ; ; 
Exponential eons Multiply variables with the same 
requires the bases to be the base by adding their exponents. 


same. me eet xy? Do these steps mentally. 
cannot be simplified. = —12x%y5 © Simplify. 


= t2 ys) 


lI 
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POINT OF INTEREST 


One of the first symbolic 
representations of powers 
was given by Diophantus 
(c. A.D. 250) in his book 
Arithmetica. He used AY for 
x? and «* for x°. The symbol 
AY was the first two letters 
of the Greek word dunamis, 
meaning “power”; «’ was 
from the Greek word kubos, 
meaning “cube.” He also 
combined these symbols to 
denote higher powers. For 
instance, Ax” was the 
symbol for x°. 


Example 1 


Simplify: (2xy)(—3xy*)3 


Solution 


The power of a monomial can be simplified by writing the power in factorec 
form and then using the Rule for Multiplying Exponential Expressions. 

(x4)3 = x4 - x4 - x4 (a2b3)2 = (a2b3)(a2b3) 
4+4+4 = g2t+2p3+3 


® Write in factored form. 


© Use the Rule for Multiplying 
Exponential Expressions. 


=x 

=e le = g4hé 
Note that multiplying each exponent inside the parentheses by the exponent 
outside the parentheses results in the same product. 


Gt? = x43 Gb e — az 2p3 2 


= x12 Sebo 


© Multiply each exponent inside the 
parentheses by the exponent 
outside the parentheses. 


Rule for Simplifying Powers of Exponential Expressions 


If mand nare positive integers, then (x)? = x. 


Rule for Simplifying Powers of Products 


If m,n, and p are positive integers, then (x”y")? = x™Py". 





=> Simplify: («*)° 
Multiply the exponents. 


GP — x45 


= 720 


Use the Rule for Simplifying Powers of Exponential Expressions. 


=> Simplify: (2a3b+)3 


Multiply each exponent inside the parentheses by the exponent outside the 
parentheses. 


(2a3b*)? = 213g33p43 * Use the Rule for Simplifying Powers of Products. Note that 
= 9359A12 2=21. 
= 8a°b'2 


You Try It 1 
Simplify: (—3a*b*)(—2ab3)4 


Your solution 


Om E31) = "2x7 (3) xy | 
Sey) 2 1) 
—54x4y!4 


Example 2 
Simplify: («"*2)> 


Solution 
itn2)> = aon +10 


You Try It 2 
Simplify: (y"~3)2 


Your solution 


Solutions on p. S16 
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Example 3 You Try It 3 
Simplify: [(2xy)?} Simplify: [(ab?)3}4 


Solution Your solution 


[2xy?)? 2 = [22x2y43 
= 26xSy12 = 64,6y12 


Solution on p. S16 . 





Objective B_ To divide monomials and simplify expressions with 


WEIN SON IIOUPRIIES or 5 Fass versa au sone vane crtiien vedsnciandepnnvunennccdestacddeaetiteee {19 | 


The quotient of two exponential expressions 

with the same base can be simplified by writ- 5 d ; 
ing each expression in factored form, dividing S>== oS as =_ 
by the common factors, and then writing the xox 

result with an exponent. ve 


Note that subtracting the exponents gives the = fer a8 
same result. x 


To divide two monomials with the same base, subtract the exponents of the 
like bases. 


=> Simplify: a 


z= 8-2 | © The bases are the same. Subtract the exponents. 
se : This step is often done mentally. 


5 b? 
=> Simplify: —- 





ab° L S= 47,921 | . 
a =! @—4b | ¢ Subtract the exponents of the like bases. 
¢ ain = This step is often done mentally. 
= ab® 


4 
Consider the expression |, x # 0. This expression can be simplified, as shown 


below, by (1) subtracting exponents and (2) dividing by common factors. 


TAKE NOTE 
A a J itself is 1. a a ce t ; k Bd 
‘Therefore, - = 1,=; = 1, and ai KY Sl erg ee ae kL 
- 8 3 x RON CEE 

g eget 
for x #0, a 

z x 


4 4 
The equations “ = x° and = = | suggest the following definition of x°. 


Definition of Zero as an Exponent 


If x + 0, then x® = 1. The expression 0° is not defined. 





=p Simplify: (16z>)°, z # 0 


(16z°)° = 1 ¢ Any nonzero expression to the zero power is 1. 
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POINT OF INTEREST 


In the 15th century, the 
expression 12°” was used to 
mean 12x~2. The use of m 
reflects an Italian influence, 
where mwas used for minus 
and pwas used for plus. It 
was understood that 2m 
referred to an unnamed 
variable. Isaac Newton, in the 
17th century, advocated the 
current use of a negative 
exponent. 


TAKE NOTE 


Note from the example at the 
right that 2~* is a positive 
number. A negative exponent 
does not indicate a negative 
number. 


=> Simplify: —(7x+y3)°, x # 0,» #0 


—(ety3)e = Sh) ae I © The negative outside the parentheses is not 


affected by the exponent. 


4 
Rie : : ae 
Consider the expression yo x #0. This expression can be simplified, as shown 


below, by (1) subtracting exponents and (2) dividing by common factors. 


ee re - a 

Pe ge Lh 2 eae 

x Xx x . . 
1 


me Be 
ae 
Se. 

Eilies 


° : 1 = : 
The equations a =x? and i = a Suggest that x * = 5. 


Definition of a Negative Exponent 


If x # 0 and nis a positive integer, then 


and 


n 





1 
24*= 34 ° Use the Definition of a Negative Exponent. 
1 
= 16 ¢ Evaluate the expression. 


A power of the quotient of two exponential expressions can be simplified 


by multiplying each exponent in the quotient by the exponent outside the 
parentheses. 


Rule for Simplifying Powers of Quotients 
= x™ 


If m,n, and p are integers and y + 0, then ( ai ais 
y 


n 





2\—2 
=> Simplify: (5) 
GON ED 
Be = BCD ® Use the Rule for Simplifying Powers of Quotients. 
nit pe 
= be a ° Use the Definition of a Negative Exponent. 


Simplest Form of an Exponential Expression 


An exponential expression is in simplest form when it is written with 


only positive exponents. 





TAKE NOTE 


The exponent on nis —5 
(negative five). The n-‘is 
written in the denominator as 
n°. The exponent on 3 is 1 


(positive one). The 3 remains 


in the numerator. 
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-~@> Simplify: 3n75 





=z 1 5 ° Use the Definition of Negative Exponents to 
3n° = 3: ar ee cs : = “ae 
n wn rewrite the expression with a positive exponent. 

=> Simplify: 4 
p : Sa4 

Geer 2) Sen ae 2a* e Use the Definition of Negative Exponents 

Eye cower’ > beh 4 ee to rewrite the expression with a positive 

exponent. 


Now that zero and negative exponents have been defined, a rule for dividing 
exponential expressions can be stated. 


Rule for Dividing Exponential Expressions 


x” a 
If mand nare integers and x # 0, then aha. xo 





x4 
=> Simplify: > 


4 ee 
= = i x49 | e Use the Rule for Dividing Exponential Expressions. 
SOM, Se 22 This step is often done mentally. 
=x 5 ® Subtract the exponents. 
1 © Use the Definition of Negative Exponents to 
= ae rewrite the expression with a positive exponent. 


The rules for simplifying exponential expressions and powers of exponential 
expressions are true for all integer exponents. These rules are restated here for 
your convenience. 


Rules of Exponents 
If m,n, and p are integers, then 


xm. xn= xmtn {x™)n = xn (x™y")P = mere, 


1 
= iakit 9 


BA apy ah T3069) (gl + (—3)p-4 + 7)! © When multiplying 
ep M le ) L 13 = ( a Ka ee ee ee ) a expressions, add the 
ee ere exponents on like bases. 
6b3 Do this step mentally. 
au 
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4a °*b° 
6a°b? 





=> Simplify: 


AD la 2G Ueto: 
6a°b? = 2 - 3a°b? 3a°b* 





dq72-5p 5-2 
— 
ede eno 

3 3a! 


NS) 
=> Simplify: (a) 


8m'n? 
6m2n3\-3 32-73-23 
(a = ( 4 
ener \ie 
4 
37379915973 
— ease 








@ Divide the coefficients by their common 
factor. 


* Use the Rule for Dividing Exponential 
Expressions. 


® Use the Definition of Negative Exponents 
to rewrite the expression with a positive 
exponent. 


® Simplify inside the brackets. 


° Subtract the exponents. 


¢ Use the Rule for Simplifying Powers of 
Quotients. 


Example 4 
Simplify: 


—28x°z 3 
EDGE 


Solution 

aloe IA ae 

42x1z4 14 #3 
2x7z277 5 Qx7 
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Example 5 
: ; (3a 'b*)? 
Simplify: TG 


Solution 

(Cambie 3303p 2 = 

(Cab Sta 3 Oa 
6a’ = 216a"? 

y ueeipe 


Example 6 
. eta 
Simplify: S53 


Solution 

4n—2 
a = x4n-2-(2n-5) 
x2n-5 


= x4n—2-2n+5 — xen +3 


64m!° * Use the Definition of Negative Exponents 
27n? to rewrite the expression with positive 





exponents. Then simplify. 


You Try It 4 


: : 2067r 
Simplify: ee 


Ss 


Your solution 


You Try It 5 
~6, 4)-1 
Simplify; 24 


(6u aa 


Your solution 


You Try It 6 
Ga 


Simplify: —; 


q” +3 


Your solution 


Solutions on p. S16 
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Objective © To write a number using scientific NOtAtiON ...........c:.:c.:+cs+sseccessesessesessesees 


POINT OF INTEREST 


Astronomers measure the 
distance of some stars by using 
the parsec. One parsec is 
approximately 

1.91 X 10'8 mi. 


TAKE NOTE 


The numbers 9.65, 3.6, 9.2, 2, 
9.74, and 8.6 are all numbers 
between 1 and 10. Each is 
multiplied by a power of 10. 


Integer exponents are used to represent the very large and very small numbers 
encountered in the fields of science and engineering. For example, the mass of 
the electron is 0.0000000000000000000000000009 g. Numbers such as this 
are difficult to read and write, so a more convenient system for writing such 
numbers has been developed. It is called scientific notation. 


To express a number in scientific notation, write the number as the product of a 
number between 1 and 10 and a power of 10. The form for scientific notation is 
a X 10", where 1 <a < 10. 


For numbers greater than 10, move the 965,000 =9.65 < 102 
decimal point to the right of the first digit. are 6 i 
The exponent n is positive and equal to the ao aUD = 3.6 x 10 


number of places the decimal point has 92 000.000.000 = 9.2 x 10! 
been moved. sae 


For numbers less than 1, move the decimal 0.0002 = 2% tot 
point to the right of the first nonzero digit. . neta cece aie 
The exponent n is negative. The absolute edhe eser ate gee 


value of the exponent is equal to the num- 0.000000000086 = 8.6 X 10-"! 
ber of places the decimal point has been nee 
moved. 


Converting a number written in scientific notation to decimal notation requires 
moving the decimal point. 


When the exponent is positive, move the deci- 1.32 * 10% 343,200 
mal point to the right the same number of places 1.4 X 108 = 140,000,000 
as the exponent. 


When the exponent is negative, move the deci- 1.32 x 10° = 0.0132 
mal point to the left the same number of places 1.4.x 10-4 = 0.00014 
as the absolute value of the exponent. 


Numerical calculations involving numbers that have more digits than the 
hand-held calculator is able to handle can be performed using scientific 
notation. 


220,000 x 0.000000092 


=» Simplify: 0.0000011 
220,000 x 0.000000092 _ 2.2 x 10° x 9.2 x 10° e Write the numbers in 
0.0000011 a foot: © scientific notation. 
D8) = (=6) 
s (2.2)(9.2) “ ° «: Simplify 


= 18.4 x 10° = 18,400 


Example 7 Write 0.000041 in scientific You Try It7 Write 942,000,000 in scientific 
notation. notation. 


Solution 0.000041 = 4.1 <x 10> Your solution 





Solution on p. S16 
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Example 8 Write 3.3 X 10’ in decimal You Try It8 Write 2.7 x 107° in decimal 
notation. notation. 
Solution 3.3 < 107 = 33,000,000 Your solution 
Example9 Simplify: You Try it9 Simplify: 
2,400,000,000 x 0.0000063 5,600,000 x 0.000000081 






0.00009 x 480 900 x 0.000000028 














2,400,000,000 x 0.0000063 


r solution 
0.00009 x 480 rears 


Solution 






2A XO 6.3-< 10 
~ 9X10 x 4.8 x 10? 






- (9)(4.8) 
= 0.35 X 10° = 350,000 







Solutions on p. S16 


Objective D To solve application problems. ...............cccccccccccceesssecescssesecececeesseees €@) 


Example 10 You Try It 10 

How many miles does light travel in one A computer can do an arithmetic operation in 

day? The speed of light is 186,000 mi/s. 1 x 1077s. In scientific notation, how many 

Write the answer in scientific notation. arithmetic operations can the computer 
perform in 1 min? 


Strategy Your strategy 
To find the distance traveled: 

Write the speed of light in scientific 

notation. 

Write the number of seconds in one day 

in scientific notation. 

Use the equation d = rt, where r is the 

speed of light and ¢ is the number of 

seconds in one day. 


Solution Your solution 
r = 186,000 = 1.86 x 10° 


t = 24- 60 - 60 = 86,400 = 8.64 x 104 


a= 71 

d = (1.86 X 105)(8.64 x 10*) 
= 1.86 X 8.64 x 10? 
= 16.0704 x 10? 
= 1.60704 x 101° 


Light travels 1.60704 x 10!° mi in one day. 


Solution on p. 





6.1 Exercises — 


he ene ee eet S abe ae aoe We! 56a ese) el 8)) 6) eu 0) ee) .e) ‘ee. \es6 20, 6 © © @ @ 6 (6) # © 0 # 6 @ © 6 © 0 @ 6 sf © 6 0 @ © 6 





Simplify. 


Objective A 


1. (ab*)(a*b) 


5. (x2y4)4 


os a4 


l(a) | 


7 (Qn) 


21. xt. x01 


25. (qe )ze 


29. 


(Qy = 3x-yz)ary-z) 


32. (—c?)(—2a*bc)(3a*b) 


35. (—3ab?)3(—22a*b)* 





Simplify. 


383, 27° 


Objective B 


2. (Qxy?)(—2x2y?) 

6. (—2ab?)3 Tem Goin): 

10. (xy)(xy)4 1 Gy ay)? 

14. [(«y)*} 15. [(ab)*]° 

18. [(6x77)77 19. [(2a*b>)3/? 

22. yn. yantt 23. y3n - -y3n-2 

26. (yl)? 27. (x3n+2)5 
30. (x2z4)(2xyz*)(—3x3y?) . 31. 
33. (—2x2y3z)(3x2yz*) 34, 
36. (4ab)?(—2ab?c3)? Si: 

1 1 
39. 335 40. ei 


(—2ab*)(—3a2b*) 3. 
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12; 


16. 


20. 


24. 


28. 


329 


(x?y)? 


aby 


[(2x)*/? 


[(2ab)3}* 


2n 


yey 


(g#)?# 


(D20-1)n 


(3b°)(2ab?)(—2ab?c?) 


(2a*b)7(—3abty 


(—2ab?)(—3a*b>)? 
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9; =2 3 
42. 2 AE aie! 44, x-3y 45. xy 4 
1 oy 26 
46. —5x° a7 aa 48. 49. 
s 25° —23 (2y)° 
yo? y? 
50. <= Shaina 52. (xy 4)? 53. (x*y°)? 
eas ye Cae apes 
54. [= Se ° RANG! 
xy 55 x ly? 56 ab S7 Abe 
58. (2a-!)-2(2a-1)4 59. (3a)3(9a7!)? 60. GayrGs) 2 61. Gay oye a 
50p!° x3y6 ally ere 
Gliese s eee y 
70b° Et Kye io aa $3: 12Kty 
2x44 —3ab* ar be\? 12K yAa\4 
66. - iy Hite ae 68, | ws 
(3xy’)3 (9a’b*)? . 9a°b? ee os 
70. iia igen aa: 73) ae: 
(2xy") (—6ab’)’ WOR xy?)? aby. 
(—4xy*)? (—8x"y?)* qo" pe 
14, ——— 15. ——_— 
(—2x’y)4 (16x3y7)? 76. qo" 77. p10n 
eer 2n 2A 
x y x 3n+2 
1S _ yy 
= 9. Oe 81. a 
ao"b" aye 3n—2pntt 2n-1, n-—3 
82. —— oa ae 
ap” 83. rey 84. qe tlpent2 85. gn tants 
A 2ey3\3 (9 =1y-2y)\2 = Nery ore) =1\=1 /9,227.\= 
86. Peal aes 87. (=) (5) 93) (22 ae 
Rey RY 8a *b} \2a’b ab a’b* 


So ee (dt (i 258)! 902232 = 2a 








Write in scientific notation. 
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91. 0.00000467 92. 0.00000005 93. 0.00000000017 

94. 4,300,000 95. 200,000,000,000 96. 9,800,000,000 
Write in decimal notation. 

OTe 22107? 98. 6.2 x 10-!2 99. 8.2 x 1055 
100. 6.34 x 10° 101. 3.9x 10-2 102.:4.35.< 10? 
Simplify. Write the answer in decimal notation. 
£055) 1087)(5. x 10!) 104: (8.9 x 10° *)\G2* 10°°) 

105. (0.0000065)(3,200,000,000,000) 106. (480,000)(0.0000000096) 
OL Ore PEP NO" 0.0089 
107... ———— OS 109... ————_——— 
6 X 10° us 3x 10° 500,000,000 
4800 0.00056 0.000000346 
oo 111... ———_ i ee ao ee 
a 0.00000024 0.000000000004 0.0000005 
se 10=)@.7, ~ 1029) (6:9) % 102 8.2 bel One) 
. o— ii 1°17 enact ana ea 
al Si? Alex 10 
i 9 
115. (0.00000004)(84,000) 116. (720)(0.0000000039) 


(0.0003)(1,400,000) 





Objective D Application Problems 
Solve. Write the answer in scientific notation. 


117. 
is 300,000 km/s. 


118. 


(26,000,000,000)(0.18) 


How many kilometers does light travel in one day? The speed of light 


How many meters does light travel in 8 h? The speed of light is 
300,000,000 m/s. 
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119. 


120. 


121. 
122. 
123. 


124. 


125. 


126. 


127. 


The rover Sojourner landed on Mars in July of 1997. It took 11 min for 
the commands from a computer on Earth to travel to the Sojourner, a 
distance of 119 million miles. How fast did the signals from Earth to 
Mars travel? Write the answer in scientific notation. 


In early 1997, the gross federal debt was 5.5 < 10!” dollars. How much 
would each American citizen have to pay in order to pay off the debt? 
Use 275,000,000 as the number of citizens. 


A high-speed centrifuge makes 9 X 107 revolutions each minute. Find 
the time in seconds for the centrifuge to make one revolution. 


How long does it take light to travel to Earth from the sun? The sun is 
9.3 x 10’ mi from Earth, and light travels 1.86 105 mi/s. 


The mass of Earth is 5.9 X 1077 g. The mass of the sun is 2 x 107? g. 
How many times heavier is the sun than Earth? 


One astronomical unit (A.U.) is 9.3 x 107 mi. The star Pollux in the 
constellation Gemini is 1.8228 x 10!2 mi from Earth. Find the dis- 
tance from Pollux to Earth in astronomical units. 


The weight of 31 million orchid seeds is one ounce. Find the weight of 
one orchid seed. 


One light year, an astronomical unit of distance, is the distance that 
light will travel in one year. Light travels 1.86 X 105 mi/s. Find the 
measure of one light year in miles. Use a 365-day year. 


The Coma cluster of galaxies is approximately 2.8 x 108 light years 
from Earth. Find the distance, in miles, from the Coma cluster to 
Earth. (See Exercise 126 for the definition of one light year. Use a 
365-day year.) 


APPLYING THE CONCEPTS 


128. 


129. 


Which is larger, (23)3 or 2°)? 


Correct the error in each of the following expressions. Explain which 
rule or property was used incorrectly. 

a. 2x + 3x = 5x2 b. a-(b-c)=a-b-c 

C0) do (4), 

Ce = fj) Dt pepe 
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Introduction to Polynomials 








SSS — 
Objective A To evaluate polynomial FUNCTIONS .........0...ccccccesesesesesssesessssssessseseee T19) | 
TAKE NOTE A polynomial is a variable expression in which the terms are monomials. 
An analogy may help you : ; : 
Bea ate eae A polynomial of one term is a monomial. 5x 
Polynomial is similar to the 2 
word car; Chevrolet and Ford A polynomial of two terms is a binomial. Sx7y 10% 


are types of cars, just as 
monomials and binomials are : 3 : 2 
isa- ofvolnomials: A polynomial of three terms is a trinomial. BAO iy, 


Polynomials with more than three terms do not have special names. 


The degree of a polynomial is the greatest Sa degree 1 

of the degrees of any of its terms. Bi 2k 4 degree 2 
4x°0? + 6x4 degree 5 
Be degree 2n 

The terms of a polynomial in one variable 2 ene 

are usually arranged so that the exponents 

of the variable decrease from left to right. Sy ayy 


This is called descending order. 


For a polynomial in more than one variable, descending order may refer to any 
one of the variables. 


The polynomial at the right is shown first 25 By ay 
in descending order of the x variable and 
then in descending order of the y variable. Dye oy 


Polynomial functions have many applications in mathematics. The linear 
function given by f(x) = mx + b is an example of a polynomial function. It is 
a polynomial function of degree one. A second-degree polynomial function, 
called a quadratic function, is given by the equation f(x) = ax? + bx +, 
a # 0. A third-degree polynomial function is called a cubic function. In gen- 
eral, a polynomial function is an expression whose terms are monomials. 


To evaluate a polynomial function, replace the variable by its value and 
simplify. 


=> Given P(x) = x3? — 3x? + 4, evaluate P(—3). 


P(x) = x3 — 3x7 +4 


P(—3) = (-3)3 — 3(-3)? + 4 ¢ Substitute —3 for x and simplify. 
= -27- 39) +4 
Se oT yah 4 
= —50 


The leading coefficient of a polynomial function is the coefficient of the 
variable with the largest exponent. The constant term is the term without a 
variable. 
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CALCULATOR NOTE 


You can verify the graphs 
of these polynomial 
functions by using a graphing 
calculator. See the Appendix: 
Guidelines for Using a Graphing 
Calculator for instructions on 
graphing functions. 





=> Find the leading coefficient, the constant term, and the degree of the poly- 
nomial function P@) = Tx* = 3x2"F 27 — 4 


The leading coefficient is 7, the constant term is —4, and the degree is 4. 
The three equations below do not represent polynomial functions. 


[eS A polynomial function does not have a variable raised 
to a negative power. 


g(x) = 2Vx -— 3 A polynomial function does not have a variable expres- 
sion within a radical. 


Xx 





A polynomial function does not have a variable in the 
denominator of a fraction. 


h(x) = 


all 


The graph of a linear function is a straight line and can be found by plotting just 
two points. The graph of a polynomial function of degree greater than one is a 
curve. Consequently, many points may have to be found before an accurate 
graph can be drawn. 


Evaluating the quadratic function given by the equation f(x) = x* — x — 6 when 
x = —3, —2, -1,0, 1, 2, 3, and 4 gives the points shown in Figure 1 below. For 
instance, f(—3) = 6, so (—3, 6) is graphed; f(2) = —4, so (2, —4) is graphed; and 
f(4) = 6, so (4, 6) is graphed. Evaluating the function when x is not an integer, 


3 5 : ; F 
such as x = o and x = od produces more points to graph, as shown in Figure 2. 


Connecting the points with a smooth curve results in Figure 3, which is the 
graph of f. 





Figure 1 Figure 2 Figure 3 


Here is an example of graphing a cubic function, P(x) = x3 — 2x2 — 5x + 6. Eval- 
uating the function when x = —2, —1, 0, 1, 2, 3, and 4 gives the graph in Fig- 
ure 4 below. Evaluating at some noninteger values gives the graph in Figure 5. 
Finally, connecting the dots with a smooth curve gives the graph in Figure 6. 





Example 1 


Given P(x) = x3 + 3x? — 2x + 8 evaluate 
P(—2). 


Solution 

P(x) = x3 + 3x2 — 2x + 8 

P(—2) = (—2)3 + 3(—2)? — 2(-2) + 8 
= (-8) + 3(4)+ 4+8 
=-8+12+4+4+8 
= 16 


Example 2 

Find the leading coefficient, the constant 
term, and the degree of the polynomial. 
Be — 4x? = 3x2 = 7 


Solution 
The leading coefficient is 5, the constant 
term is 7, and the degree is 6. 


Example 3 

Which of the following is a polynomial 
function? 

Ase) = 3x7+ 21x? — 3 

b. T(x) = 3Vx — 2x2 - 3x +2 

c. R(x) = 143 — mx? 4+ 3x +2 


Solution 

a. This is not a polynomial function. A 
polynomial function does not have a 
variable raised to a fractional power. 
This is not a polynomial function. A 
polynomial function does not have a 
variable expression within a radical. 
This is a polynomial function. 


Example 4 
Graph f(x) = x* — 2. 


Solution 
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You Try It 1 
Given R(x) = —2x* — 5x3 + 2x — 8, 
evaluate R(2). 


Your solution 


You Try It 2 

Find the leading coefficient, the constant 
term, and the degree of the polynomial. 
1x) = — 3x7 + 3x? 42 3x? —'2x — 12 


Your solution 


You Try It 3 

Which of the following is a polynomial 
function? 

as eRG) =x 5 

b. VQ) = -—x7!4+ 2x —7 

c. P(x) = 2x4 — 3Vx -— 3 


Your solution 


You Try It 4 
Graph f@) = x° + 2. 


Your solution 


Solutions on p. S17 
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Example 5 You Try It 5 
Graph f(),= x? = 1. Graphii@is =n? a: 


Solution Your solution 





Solution on p. S17 | 


Objective B_ To add or subtract polynomials .......0..00..0.:c1cccccccsscceescesseeeseeesceesseeen {19} ) 


Polynomials can be added by combining like terms. Either a vertical or a hori- 
zontal format can be used. 


™ Add (3x3 — 7x + 2) + (7x? + 2x — 7). Use a horizontal format. 


(3x2 = 74+ 2) + (7x? + 2x = 7) * Use the Commutative and Associative 
= 3x3 + 7x? + (—7x + 2x) + (2 — 7) Properties of Addition to rearrange and 
group like terms. 
= 3x9 + 7x? = 5x -—5 ® Combine like terms. 


=> Add (4x? + 5x — 3) + (7x3 — 7x +.1) + (Qe — 3x2 +.4x3 + 1). Use a vertical 


format. ) 
4x? + 5x -—3 * Arrange the terms of each polynomial in descending 
Tx? —7x+1 order with like terms in the same column. 
4x3 — 3x27 + 2x41 
lixe + x? all © Add the terms in each column. 


TAKE NOTE The additive inverse of the polynomial x2 + 5x — 4 is = (4? 45a 


The opposite of a polynomial To simplify the additive inverse of a 
is the polynomial with the 


sign of every term changed. polynomial, change the sign of every —(x? + 5x — 4) = -x2 — 5x +4 
term inside the parentheses. 





TAKE NOTE a 


This is the same definition used 
for subtraction of integers: 
Subtraction is addition of 

the opposite. 
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-~°To subtract two polynomials, add the additive inverse of the second polynomial 


to the first. 


= Subtract (3x? — 7xy + y?) — (—4x? + 7xy — 3y2). Use a horizontal format. 


(3x? — Txy + y?) mee 4x" + Try S3y?) e Rewrite the subtraction as the 
= (3x? — 7xy + y?) + (4x2 — Txy + 3y?) addition of the additive inverse. 
= 7x? — 14xy + 4y? © Combine like terms. 


=> Stibtract (6x3 — 3x + 7) — (3x2 — 5x + 12). Use a vertical format. 


(6x3 — 3x + 7) — (3x? — 5x + 12) e Rewrite subtraction as the addition 
= (6x3 — 3x + 7) + (—3x? + 5x — 12) of the additive inverse. 
6x3 a acta lh * Arrange the terms of each polynomial in descending order 
—3x?2 + 5x — 12 with like terms in the same column. 
6x2 — 3x27 + 2x— 5 ¢ Combine the terms in each column. 


Functional notation can be used when adding or subtracting polynomials. 


=> Given P(x) = 3x? — 2x + 4and R(x) = —5x3 + 4x + 7, find P(x) + R(x). 


(Grane 4) Cox? aes 2) 
= —5x3 + 3x2 + 2x + 11 


P(x) + R(x) 


=> Given P(x) = —5x?2 + 8x — 4 and R(x) = —3x? — 5x + 9, find P(x) — R(x). 


aK 8 a 8 ao) 
(—5x2 + 8x — 4) + (3x2 + 5x - 9) 
—2x* + 13x = 13 


P(x) — R(x) 


ll 


= Given P(x) = 3x? — 5x + 6 and R(x) = 2x? — 5x — 7, find S(x), the sum of the 
two polynomials. 


Sea ce) en) (3a = 50 0) ot (2h 7) 
= 5x7 — 10x — 1 


Note that evaluating P(x) = 3x?-—5x+6 and R(x) =2x?-—5x -—7at, for 
example, x = 3, and then adding the values, is the same as evaluating 


SG x — 10x¢ = Ivat 3. 

2G 36)2—5(3) 176 =27 —S 446-16 
Roney (3) = b= 18 > 5. f= —4 
P(3) + R(3) = 18 + (-4) = 14 


Sips a)e 106) = 1 = 45 — 30— 1 = 14 


_— 
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Example 6 You Try It 6 
Add Add 
Ay ay) (eA eee CVE aN )e (—3x2 — 4x + 9) + (—5x? — 7x + 1). 






Use a vertical format. Use a vertical format. 








Solution Your solution 
Ant <asayeHeTy? 
=e0 ot eye any 


Ae ay Se 















Example 7 You Try It 7 
Subtract Subtract 
(3x? — 2x + 4) — (7x? + 3x — 12). (—5x? + 2x — 3) — (6x? + 3x — 7). 






Use a vertical format. Use a vertical format. 








Solution Your solution 
Add the additive inverse of 7x? + 3x — 12 
to 3x2 — 2x + 4. 


Bie. hea 4 
Sik ox? 


Agha PG 

















Example 8 You Try It 8 







Given P(x) = —3x? + 2x — 6 and Given P(x) = 4x3 — 3x2 + 2 and 

R(x) = 4x3 — 3x + 4, find R(x) = —2x? + 2x — 3, find 

S(x) = P(x) + R(x). Evaluate S(—2). S(x) = P(x) + R(x). Evaluate S(—1). 

Solution Your solution 






S(x) = P(x) + R(@) 
= (3x7 + 2x — 6) + (4x — 3x +4) 
= 4x3 — 3x2 -x -2 


Sie part et) ae 2): 2) 
eS) fat an ale 

=) 11 

= —44 





















Example 9 You Try It 9 
Given P(x) = 2x?” — 3x" + 7 and Given P(x) = 5x?" — 3x" — 7 and 
R(x) = 3x2" + 3x" + 5, find RG) = 2" — dc2 cS tind 
D(x) = P(x) — R(@). D(x) = P(x) — R(x). 
Solution Your solution 





D(x) = P(x) — R(x) 
= (2x7" — 3x" + 7) — (3x20 + 3x” + 5) 

Oe = 3x? 7) an a es) 

= —x2n — 6x" +2 











Solutions on p. S17 : 
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Objective A 
1. Given P(x) = 3x? — 2x — 8, evaluate P(3). 2. Given P(x) = —3x? — 5x + 8, evaluate P(—5). 
3. Given R(x) = 2x3 — 3x2 + 4x — 2, 4. Given R(x) = —x> + 2x? — 3x + 4, evaluate 
evaluate R(2). RG1). 


5. Given f(x) = x4 — 2x? = 10, evaluate f(—1). 6. Given f(x) = x° — 2x3 + 4x, evaluate f(2). 


Which of the following define a polynomial function? For those that are 
polynomial functions, identify a. the leading coefficient, b. the constant 
term, and c. the degree. 





7. P(x) = -x2 + 3x48 8. P(x) = 3x4-3x-7 OR 
10. eee ee tt 11. fix) =Vx —x2+2 12. f(x) =x2 --Vx+2-8 
13.0 p(x) = 3x9 Gidea 14. g(x) = —4x5 — 3x2 +x -V7 15.. “P(s) = 8x7 = 5x? + 2 
forere) — x — 5x — x 172 eR) —=n4 184 RO) = “ +2 
Graph. 
1 PGS "1 20. P(x) = 2x? + 3 PAS RG) = ee 









Zeenat) 
y 
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Objective B 
Add or subtract. Use a vertical format. 


25. (5x7: 2x — 7). + (? = 84 + 12) 26. (3x? — 2x + 7) + (—3x? + 2x — 12) 
27. (x? — 3x + 8) — (2x? — 3x + 7) 28. (2x? + 3x — 7) — (5x? — 8% — 1) 


Add or subtract. Use a horizontal format for Exercises 29-32. 


29. (3y2 — Ty) + (2y2 — 8y + 2) 30. (—2y? — 4y — 12) + (Sy? — 5y) 
31. (2a? — 3a — 7) — (—5a? — 2a — 9) 32. (3a? = 9a) = (]5a? 7a '='6) 
33. Given P(x) = x* — 3xy + y? and 34. Given P(x) = x2" + 7x" — 3 and 
R@) = 2x? — 3y?, find P(x) + RG@). R(x) = —x*" + 2x" + 8, find P&) + R@): 
35. Given P(x) = 3x? + 2y? and 36. Given P(x) = 2x** — x" — 1 and 
R(@&) = —5x? + 2xy — 3y?, find R(x) = 5x2” + 7x" + 1, find 
P(e) — RO). PO) R(x). 
37. Given P(x) = 3x* — 3x3 — x? and 38. Given P(x) = 3x* — 2x + 1 and 
R(x) = 3x3 — 7x? + 2x, find R(x) = 3x° — 5x — 8, find 
S(x) = P(x) + R(x). Evaluate S(2). S(x) = P(x) + R(x). Evaluate S(—1). 


APPLYING THE CONCEPTS 


39. For what value of k is the given equation an identity? 
a. (2x3 + 3x2 +kx + 5) — (63 + 2x2 + 3x 4+ 7) = 23 +22 4+ 5x -2 
b.. (6x3 + kx? — 24 — 1) — (4x3 — 3x? + 1) = 2x3 = x2 = 2x -— 2 


40. The deflection D (in inches) of a beam that is uniformly loaded is 
given by the polynomial function D(x) = 0.005x4 — 0.1x3 + 0.5x2, 
where «x is the distance in feet from one end of the beam. See the figure 
at the right. The maximum deflection occurs when x is the midpoint of 
the beam. Determine the maximum deflection for the beam in the 
diagram. 





41. If P(x) is a third-degree polynomial and Q(x) is a fourth-degree poly- 
y nomial, what can be said about the degree of P(x) + O(x)? Give some 
examples of polynomials that support your answer. 





42. If P(x) is a fifth-degree polynomial and Q(x) is a fourth-degree poly- 
VA nomial, what can be said about the degree of P(x) — Q(x)? Give some 
examples of polynomials that support your answer. 
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Multiplication of Polynomials 
Objective A To multiply a polynomial by @ MONOMIAL 0.0... esses esses ences {195} 


To multiply a polynomial by a monomial, use the Distributive Property and 
the Rule for Multiplying Exponential Expressions. 


=> Multiply: —3a(4a? — 5a + 6) 


—3a(4a? — 5a + 6) = | ~3a(4a?) — (—3a)(5a) + (—3a)(6) | © Use the Distribu- 
= = {07% (572 a) 8a rae ow tive Property. This 
step is frequently 


done mentally. 


Example 1 You Try It 1 
Multiply: (5x + 4)(—2x) Multiply: (—2y + 3)(—4y) 


Solution Your solution 
(5x + 4)(—2x) = —10x? — 8x 


Example 2 You Try It 2 
Multiply: 2a7b(4a? — 2ab + b?) Multiply: —a?(3a* + 2a — 7) 
Solution Your solution 
2a*b(4a2 — 2ab + b?) 
= 8a*b — 4a2b? + 2a*b? 





Objective B_) To multiply two polynomials ....0..........ccccccsessssessssscccceccsseenensnncesecees 


Multiplication of two polynomials requires the repeated application of the 
Distributive Property. 


ey) yer ea ya) yo 2 Sy) (iy = 2)(1) 
yy oy OV 2 
=P ya by — 2 


A convenient method of multiplying two polynomials is to use a vertical format 
similar to that used for multiplication of whole numbers. 


Vee) ee 
yr 2 
IS ae PA e Multiply —2(y? + 3y + 1). 
Vee ON easy © Multiply y(y? + 3y + 1). 
eee yes © Add the terms in each column. 


a 
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=> Multiply: (2a? + a — 3)(a + 5) 


Dar Gio 3 
GK aud e Note that spaces are provided in each 
10a° + 5a — 15 product so that like terms are in the 
Dat ee eee same column. 
2a*=- 10a + a* + 2a — 15 e Add the terms in each column. 


Example 3 You Try It 3 
Multiply: (2b? — b + 1)(2b + 3) Multiply: 2y° & 2y7= 3)Gyr— 1) 


Solution Your solution 
2b> —-b+1 
2b + 3 
6b3 —3b+3 
4b* + — 2b? + 2b 
4b* + 6b? — 2b? - b+3 


Solution on p. S17 





Objective C To multiply tWo DINOMIAIS ............sscccccsseecccsesnensccssensneesessensasescseenens 7195) 


It is frequently necessary to find the product of two binomials. The product 
can be found using a method called FOIL, which is based on the Distributive 
Property. The letters of FOIL stand for First, Outer, Inner, and Last. 


TAKE NOTE =p Multiply: (2x at 3) GC + 5) 
FOIL is not really a diff t ; ‘ 2 
Kee R Tutkahine: ‘ ” a Multiply the First terms. (2-23) eee) 2x > x = 2x? 
eee ons. Multiply the Outer terms. (2x + 3) (x + 5) 22 5 = 10x 
(2x + 3) (x + 5) Multiply the Inner terms. (x73) Ga) O° = ON 
= 2x(x + 5) + 3(x + 5) 
Poe Qe ako wel. Multiply the Last terms. (2% + 3) 5) 3 al 
= 2x2 + 10x + 3x + 15 
= 2x? + 13x + 15 FE O I ib, 
Add the products. (2x + 3)(x +5) = 2x7 + 10x + 3x + 15 
FOIL is an efficient way to p , 
remember how to do binomial Combine like terms. = 24? sx aah 


multiplication. 


=> Multiply: (4x — 3) (3x — 2) 


(4x — 3) (3x — 2) =' | 4x(3x) + 4x(—2) + (—3)(3x) + (-3)(- 2a © Do this stefl 


= tee — 8x —9x +6 mentally. 
= 12x* — 17x +6 


=> Multiply: (3x — 2y) (x + 4y) 


(Bx ~ 2y (x + 49) =| BeG) + 3x4) + H2y)) + (BNE)? Dothisstop 


= 3x* + 12xy — 2xy — 8y? mentally. 
= 3x2 + 10xy = 8y2 
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Example 4 You Try It 4 
Multiply: (2a — 1)(3a — 2) Multiply: (4y — 5) (2y — 3) 


Solution Your solution 
(2a — 1)(3a — 2) = 6a2 — 4a — 3a +2 


= 6a” —- 7a+2 


Example 5 You Try It 5 
Multiply: (3x — 2) (4x + 3) Multiply: (3b + 2) (3b — 5) 


Solution y Your solution 
(3x — 2)(4x + 3) = 12x? 9x -— 8x —6 
= 12x7+x-6 





Solutions on p. S17 S 


Objective D To multiply binomials that have special products................0.0.00... {19} ) far] 


Using FOIL, it is possible to find a pattern for the product of the sum and differ- 
ence of two terms and for the square of a binomial. 


The Sum and Difference of Two Terms 


(a+ b)(a— b) = a2 - ab+ ab— b? 
ial eh? 


Square of first term a oble 3 
Square of second term 


The Square of a Binomial 


(a+ b)*=(a+ b\(at+ b) = a2 + abt+ ab+ bP 
=a’ + 2ab+ b? 


Square of first term 
Twice the product of the two terms 
Square of the last term 





= Multiply: (2x + 3)(2x — 3) 


(2x + 3)(2x — 3) is the sum and difference of two terms. 


(2x + 3)(2x -— 3) = ' (2x) — a © Do this step mentally. 


«> Multiply: (3x — 2)? 


(3x — 2)? is the square of a binomial. 


(3x = 2)*= (3x? + 2(3%)(=2) + os * Do this step mentally. 


= 9x? = 12-4 © 
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Example 6 You Try It 6 
Multiply: (42 — 2w)(4z + 2w) Multiply: (2a + 5c)(2a — 5c) 


Solution Your solution 
(4z — 2w)(4z + 2w) = 162? — 4w? 


Example 7 You Try It 7 | 
Simplify: (2r — 3s)? Simplify: (3x + 2y)? 


Solution Your solution 
ras) = 4r- — 127s + 982 





Objective E To solve application problem ..........:.::::sccsccccessevesseessesessnsessenensneees {19} ) 


Example 8 You Try It 8 

The length of a rectangle is (2x + 3) ft. The base of a triangle is (2x + 6) ft. The 
The width is (x — 5) ft. Find the area of height is (x — 4) ft. Find the area of the 
the rectangle in terms of the variable x. triangle in terms of the variable x. 


Taig? 


Strategy Your strategy 
To find the area, replace the variables L 

and W in the equation A = L - W by the 

given values and solve for A. 


Solution Your solution 
A=L:-W 
A = (2x + 3) — 5) 

= 2x? — 10x + 3x - 15 

= 2x? — 7x — 15 


The area is (2x? — 7x — 15) ft?. 


Solution on p. S17 








6.3 Exercises 
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a a ETERS) 2 on ooSenL oes elie) (el eilTo elie) oilers) 6c oe 0 © 6 6 6% 0 6 0 0 6 8 8 6 8 we eee eels 


Objective A 


Multiply. 


1. 


13. 


17. 


Zt. 


24. 


Zi 


30. 





“(k= 2) 


3a?(a — 2) 


—x°(3x4 — 7) 


(2x — 4)3x 


—xy(x? — y?) 


14. 


18. 


—a(—2a? — 3a — 2) 


ay 6y 4°72) 


(a? + 3a — 4)(—2a) 


—5x?(3x2 — 3x — 7) 


Objective B 


Multiply. 


33: 


(x? + 3x + 2)(x + 1) 


Vor Y) By ed aed) 
¢ 4b?(b + 8) ie —5x2(x* = x) 
—yi(2y? — y®) 11. 2x(6x? — 3x) 
(3y — 2)y 15. (3x +4)x 
~x2y(2xy — y?) 19. x(2x3 — 3x + 2) 
22. -0i5b 7b — 35) 
25. 2y2(—3y? — 6y + 7) 
280062 2b + 2) 5p) 
Bl. xy te Bye) 
B45 = 26 FY 7)G— 2) 


23. 


26. 


29% 


32; 


35. 


12. 


16. 


20. 


= Cay) 


—6y*(y + 2y?) 


3y(4y — y) 


Or ly2x 


yi - Oy =. 2y 76) 


x?(3x* — 3x? — 2) 


4x?(3x2 — 2x + 6) 


~ By 2y? hy —'2) 


ab(2a? — 4ab — 6b?) 


(a? — 3a + 4)(a — 3) 





346 


Chapter 6 / Polynomials 


BO sce) 2 8) 


39. (—2x? + 7x — 2)(3x — 5) 


42.2 (V2 — 2y)(2y 415) 


45. (Sy? + 8y — 2)(3y — 8) 


48.530" — 5b7+/)(6b,— 1) 


Objective C 


— Multiply. 


51. (« + 1)@ + 3) 2s 


eS aa ge 3)a5a8) 56. 


59. (2x + 1) +7) 60. 


632 (45— 3) 7) 64. 


G7. (3X 1) Ge il) G8: 


Pe7i Ga = 2b)Oa 7b) 


37. 


40. 


43. 


46. 


49. 


(—2b7 — 3b + 4)(b — 9) 38. 


(—a? — 2a + 3)(2a — 1) 41. 


Gee 3 2) 4) 44. 


(Gy sy 5) Gy 3) 47. 


Gy 2y7 — 13) ly 2) ee 0: 


(y= 2) 5) 53. (a —3)a@+ 4) 


Co 10) G5) ST. sey — 3) 


(y + 2)6y sal) 61. Gx -1)«+4) 


(2x = 3)\4r—= 7)" 65aGy8)(y +2) 


(5a + 6)(6a +5) 69. (7a — 16)(3a — 5) 


u2; 


Ga— D)\ Gab) 


(=a? 3a = 2)Qa— 1) 


(? + 5)@—3) 


Ge 4y? = 8) yt) 


(5a3 — 5a + 2)(a — 4) 


(2a3 — 3a? + 2a — 1)(2a — 3) 


54. 


66. 


70. 


73. 


(b= 6b 3) 


(a = BiG 9) 


« W@x S22 \eeee 4) 


Gy Gy 


(5a-— 12) (San) 


(a — 9b)(2a + 7b) 
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74. (2a + 5b)\(@a — 2b) 75. (10a — 3b)(10a — 7b) 76. (12a — 5b)(3a — 4b) 
77. (5x + 12y)(3x + 4y) 78. (11x + 2y)(3x + 7y) 79. (2x — 15y)(7x + 4y) 
80. (Sx-+ 2y)(2x — 5y) Sk (8% —3y) (7x — 5y) 82. (2k =29y)(@x — 3y) 
Objective D 
Multiply. 


B33 y= D+) 84. (y + 6)(y — 6) 85. (2x + 3)(2x-3) 86. (4x — 7)(4x +7) 


87. (x + 1) 88. (y — 3) 89. (3a — 5) 90. (6x — 5) 
91. (3x —7)(3x+7) 92. (9x—2)(9x4+2) 93. (2a+b) 94. (x + 3y) 
95. (x — 2y)? 96. (2x — 3y)? 97. (4 — 3y)(4 + 3y) 
98. (4x — 9y)(4x + 9y) 99. (5x + 2y) 100. (2a — 9b)? 





Objective E Application Problems 


101. The length of a rectangle is 5x ft. The width is (2x — 7) ft. Find the 5x 


area of the rectangle in terms of the variable x. 
2x -7 


102. The width of a rectangle is (x — 6) m. The length is (2x + 3) m. Find 2x +3 
the area of the rectangle in terms of the variable x. oe. 
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103. The length of a side of a square is (2x + 1) km. Find the area of the 


square in terms of the variable x. eed 


104. The length of a side of a square is (2x — 3) yd. Find the area of the 
square in terms of the variable x. 


105. The width of a rectangle is (3x + 1) in. The length of the rectangle 
is twice the width. Find the area of the rectangle in terms of the 
variable x. 


106. The width of a rectangle is (4x — 3) cm. The length of the rectangle 
is twice the width. Find the area of the rectangle in terms of the 
variable x. 


107. The base of a triangle is 4x m, and the height is (2x + 5) m. Find the 2x+5 
area of the triangle in terms of the variable x. 


+ 4, >| 


108. The base of a triangle is (2x + 6) in., and the height is (x — 8) in. oO 
Find the area of the triangle in terms of the variable x. 


2x + 6 > 


109. An athletic field has dimensions 30 yd by 100 yd. An end zone that is 
w yd wide borders each end of the field. Express the total area of the 
field and the end zones in terms of the variable w. 


110. A softball diamond has dimensions 45 ft by 45 ft. A base path bor- 
der x ft wide lies on both the first-base side and the third-base side of 
the diamond. Express the total area of the softball diamond and the 
base path in terms of the variable x. 





APPLYING THE CONCEPTS 


Simplify. 
111. @+b)*-(a-b/y 112. @?+x - 3) 113. (a+ 3)3 
114. What polynomial has quotient 3x — 4 when divided by 4x + 5? 


a. 
b. What polynomial has quotient x? + 2x — 1 when divided by x + 3? 


115. Add x? + 2x — 3 to the product of 2x — 5 and 3x + 1. 


Subtract 4x? — x — 5 from the product of x2 + x + 3 andx — 4. 


o 2 
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Objective A To divide polynomials .........02.0.c.csccsessssssessssssvssssesvssssesesvesessevssesvesees 


To divide two polynomials, use a method similar to that used for long division 
of whole numbers. To check division of polynomials, use 


Dividend = (quotient X divisor) + remainder 


=> Divide: (x? + 5x — 7) + (x + 3) 


Step 1 x mye. ces 
x+3]e +557 ee 
Bee os EM Multiply: «@ + 3) = x? +°3x 
2x — 7 Subtract: (x2 + 5x) — (x? + 3x) = 2x 
Bring down the —7. 
Step 2 eae 
x+3)x2+5x—7 
x? + 3x 
Think: x )2x = a) 
Di x 
Di Multiply: 2 + 3) = 2x + 6 
ais Subtract: (2x — 7) — (2x + 6) = -13 


The remainder is — 13. 


Check: (Quotient)(divisor) + remainder 


= (x + 2)@ + 3) + (-13) = x? + 3x +2x+6-13 =x? +5x-—7 


13 
Pia 





(x2 + 5x —7)+(%+3)=x4+2- 


de: 6 — 6x? + 4x3 
=> Divide: Fea 


Arrange the terms in descending order. Note that there is no term of x in 
4x3 — 6x? + 6. Insert a 0x for the missing term so that like terms will be 
in the same columns. 


2x7 -— 6x+ 9 


2x +3)4x3-— 6x2+ Ox+ 6 
4x3 + 6x? 
— 12x?+ Ox 
— 12x? — 18x 


Sao 
18x + 27 


— 21 
An Oe 0 2 


= Dae 6 0,9. = 
eS Bea SE 2x +3 
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Example 1 You Try It 1 
Sena glee ia 10 el ine te lee 
Divide: = Saeni! *) Divide: r aaa aye we $4 





Solution Your solution 










3x+ 1 
4x — 5)12x2 — 11x + 10 | 
12x? — 15x 
4x + 10 | 

aye = 5 





1 


127 = 11x. + 10 15 
4x — 5 pO Pane 






























Example 2 You Try It 2 
ahi 21 oe 3x° + 8x? — 6x + 2 
Divide: ~ a 
x+1 Seg = II 








Solution Your solution 


x+1)x3 + Ox2 + 0x +1 © Insert zeros for the : 
x3+ x? coefficients of the 
— 4 0x missing terms. 
eee 










x+1 
x+1 

















Example 3 You Try It 3 


Divide: Divide: 
(Q2x* — 7x3 + 3x? + 4x — 5) + (x2 — 2x —2) (3x4 — 11x? + 16x? — 16x + 8) + (x? — 3x + 2) 
Solution Your solution 

2x? — 3x41 


x? = Qe +2) 2x4 7434 32S 4 SS 
208 Age eva? 
— 3x3 + 7x2 + 4x 
— 3x3 + 6x2 + 6x 
x2 -—2x -—5 
x? —2x-—2 
= 3 








(2x4 — 7x3 + 3x2 + 4x — 5) + (x? — 2x — 2) 
3 
Beye Bie ee 
2a aa 


Solutions on p. S18 
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Objective.B~ To divide polynomials using synthetic AiViSION.......:::::.+0c:+:0+00+00+0000000000004 


Synthetic division is a shorter method of dividing a polynomial by a binomial 
of the form x — a. 


mi> Divide (3x? — 4x + 6) + (x — 2) by using long division. 


3x + 2 

x —2)3x2— 4x +6 
3x? — 6x 

2x-+ 6 

2% — 4 

10 


(3x? — 4x + 6) + (@- 2)= 3424-5 


The variables can be omitted because the position of a term indicates the power 


of the term. 
3 2 
— 3 = 4 6 
3 -6 
2 6 
2 -4 





10 


Each number shown in color above is exactly the same as the number above it. 
Removing the colored numbers condenses the vertical spacing. 





3 2 

-2)3 -4 6 
-6 -4 

2 tO 


The number in color on the top row is the same as the one in the bottom row. 
Writing the 3 from the top row in the bottom row allows the spacing to be con- 
densed even further. 


| =4 6 
= —4 
3 2 10 
ee a es est 
Terms of Remainder 


the quotient 


Because the degree of the dividend (3x? — 4x + 6) is 2 and the degree of the di- 
visor (x — 2) is 1, the degree of the quotient is 2 — 1 = 1. This means that, 
using the terms of the quotient given above, the quotient is 3x + 2. The re- 
mainder is 10. 


In general, the degree of the quotient of two polynomials is the difference be- 
tween the degree of the dividend and the degree of the divisor. 


By replacing the constant term in the divisor by its additive inverse, we may 
add rather than subtract terms. This is illustrated in the following example. 


— 
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=> Divide: (3x3 + 6x? — x — 2) + & + 3) 


TAKE NOTE 


Remember that you can 
check the answer to a 
synthetic-division problem in 
the same way that you check 
the answer to a long-division 
problem. 


The additive inverse of the binomial constant 


Coefficients of the polynomial 
oom" 


—3 3 6 —1 —2 
die ste 4 eo) SOR 


3 * Bring down the 3. 
=o 3 6 Seal ae 
ae e Multiply —3(3) and add 
3 =e the product to 6. 
=O) 5 6 = =2 
——, 9 © Multiply —3(—3) and add 
3 i 8 the product to —1. 
23 3 6 1 ae 
—9 9 —24 * Multiply —3(8) and add 
3 =3 8 = IG the product to —2. 
Terms of Remainder 


the quotient 


The degree of the dividend is 3 and the degree of the divisor is 1. Therefore, 
the degree of the quotient is 3 — 1 = 2. 








26 
(3x3 + 6x2 — x — 2) + (x + 3) = 3x? —- 3x +8 - 
oe, 
mp Divide: (2x3 — x + 2) + (x — 2) 
The additive inverse of the binomial constant 
Coefficients of the polynomial 
iz Z 0 ll Z ® Insert a 0 for the missing 
v term and bring down the 2. 
2 
2 DB 0 eat 2 
4 * Multiply 2(2) and add the 
2 4 product to 0. 
2 2 0 aa 2 
4 8 * Multiply 2(4) and add the 
2 4 a product to —1. 
2 Z 0 =I 2 
4 8 14 * Multiply 2(7) and add the 
2 4 a 16 product to 2. 
Terms of Remainder 


(247 =*%+2)+@ = Daj 2 4 7 


the quotient 


16 


Me 








Example 4 
Divide by using synthetic division: 
(7 3x +154) (x —1) 


Solution 


Arrange the coefficients in decreasing . 
powers of x. 


Piao f= 3 7 
yeas 
5 2a? 


ee ee a = DR See 2? HESS 


Leal 


Example 5 
Divide by using synthetic division: 
(2x? + 4x? — 3x + 12) +(x + 4) 


Solution 
71 |e a3 12 
—8 io =sy/ 
a a, 13. —40 
(2x3 + 4x2 — 3x + 12) + (x + 4) 


ei S - 
= 256 4x + 13 at 


Example 6 
Divide by using synthetic division: 
(3x4 — 8x2 + 2x + 1) + (+2) 


Solution 
Insert a zero for the missing term. 


ee |S OQ, = 8 2 1 
Senin 6 


elie GeO 1S 
(300 on 4 20 1) Fe (eat 2) 


13 
on Or 4 4k — OF 
xs + 2 
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You Try It 4 
Divide by using synthetic division: 
(8x + 6x* — 5) + (x + 2) 


Your solution 


You Try It 5 
Divide by using synthetic division: 
(5x3 — 12x? — 8x + 16) + (x - 2) 


Your solution 


You Try It 6 
Divide by using synthetic division: 
(2x4 — 3x3 — 8x? — 2) + (x - 3) 


Your solution 





Solutions on p. S18 
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Objective C 


Example 7 


« Ce ao 
To evaluate a polynomial using synthetic AIVISION.........::::0cccccesereciees 


A polynomial can be evaluated by using synthetic division. Consider the poly- 
nomial P(x) = 2x4 — 3x3 + 4x2 — 5x + 1. One way to evaluate the polynomial 
when x = 2 is to replace x by 2 and then simplify the numerical expression. 


P(x) = 2x4 — 3x3 + 4x2 -— 5x41 


PQ) 20)2 3) 340)? 52) 1 
= 2(16) — 3(8) + 4(4) — 5(2) + 1 
= 32 => 24+ 16— 10 +1 
= 15 


Now use synthetic division to divide (2x* — 3x3 + 4x? — 5x + 1) + (x — 2). 





yy 2D ie 4 =5 1 
4 Z Vv 14 
2 1 6 7 15 

Terms of Remainder 


the quotient 


Note that the remainder is 15, which is the same value as P(2). This is not a 
coincidence. The following theorem states that this situation is always true. 


Remainder Theorem 


If the polynomial P(x) is divided by x — a, the remainder is P(a). 





=» Use the Remainder Theorem to evaluate P(x) = x4 — 3x2 + 4x — 5 when 


59 = =), 
mee The value at which the polynomial is evaluated 
== 1 0 =3 4 —5 © AOis inserted for the x° term. 
=) 4 =) =—4 
1 —2 1 2, —9<— The remainder 
P(—2) = -9 


You Try It 7 


Use the Remainder Theorem to evaluate Use the Remainder Theorem to evaluate 
P(x) = —x4 + 3x3 + 2x2 — x — 5 when P(x) = 2x3 — 5x? + 7 when x = —3. 


2 


Solution 


Your solution 


Sale Lee 3 | =) 
2 10g elon 30 


po ee) =8 





Se) 


Solution on p. 





6.4 Exercises” — 


i eo nao? eee Sees el eles ive ge) ie) Lee) ere) ie, Je (@ <0) © sive" © © 0 6 € © 6 © 6 © 6 0 8 © « © 8 © 6 60 0 6 © 06 





Objective A 


Divide by using long division. 


i: 


11. 


13. 


15. 


(x? + 3x — 40) + &« — 5) 


~ 


pe 


(x3 — 3x2 + 2) = (x — 3) 


(6x? + 13x + 8) + (2x + 1) 


(AO 90 = 5) 2 — 1) 


(eo. 9) 2 3) 


(6x4 — 13x? — 4) + (2x? — 5) 


—10 — 33x + 3x? — 8x’ 
3x +1 


x3 — 5x? + 7x —4 
= 3 


10. 


12. 


14. 


16. 
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(x? — 14x + 24) + (& —- 2) 


Ca Aa Se a) 


C22 14-814) = Gr 2) 


(18x? — 3x + 2) + (3x + 2) 


(64x3 + 4) = (4x + 2) 


(12x4 — 11x? + 10) + (3x? + 1) 


10 — 49x + 38x? — 8x? 


ex; 


te Stone + 4 


2X 
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16x? — 13x3 + 2x4 + 20 — 9x 


Aa: 
‘ Cai) 


2x ax? =~ 2 


19. 
x? +2x-1 


x + 2x3 — 3x? - 6x +2 


21. 
x? —2x -1 


x4 + 3x2 -— 4 +5 


23. 
x7 +2x4+3 





Objective B 
Divide by using synthetic division. 


250 (207 10% — 8) = 1) 


27. (3x2 — 14x + 16) + (x — 2) 


29. (3x2 ='4) + (x — 1) 


31. (2x3 —x* + 6x + 9)+@ +1) 





18. 


20. 


22. 


24. 


26. 


28. 


30. 


52s 


x — x? + 5x2 + 3x4 - 2 
Ket 


3x? — 2x? + 5x — 4 


x7 —x+3 


Rok an 
x x33 


x? + 2x3 —x +2 
xr>—-x-1 


(3x? + 19x + 20) + (« + 5) 


(4x? — 23x + 28) + (x — 4) 


(4x? — 8) + (x — 2) 


(3x3 + 10x? + 6x — 4) + (x + 2) 
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33. (18 + x — 4x3) — x) 34. (12 — 3x? + x3) + (x + 3) 
35. (Ox + 5x? — 5x +20). Gt 4) ; 36. (5x3 + 3x2 — 17x + 6) + (x + 2) 
a 5 + 5x — 8x7 + 4x3 — 3x4 a 3 — 13x — 5x? + 9x3 — 2x4 
2—x ole 
4 Seen 2 4 Stee oe 
39. Bie ok Xk + 3x +2 40. oases | As ag Nae oak ae Dm 
xt I x+3 
Besa ASL oh 
ai Ox Xk. Z 42. XK 3x 30 
yeas x+2 
Objective C 


Use the Remainder Theorem to evaluate the polynomial. 


As, Plc) = 249] 3x ~ 1° PC) 44. Q(x) = 3x2- 5x — 1; Q(2) 
A5e Ri) — x — 2x%° + 3x — 1; RO) 46. F(x) =x? + 4x2 — 3x + 2; F(3) 
Ale P@)H= 22 —4z7 + 3z — 1;.P(—2) 48. R(t) = 304+ 2 — 4t + 2; R(-3) 
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49. Z(p) = 2p3 — p* + 3; Z(-3) 50. P(y) = 3y3 + 2y? = 5; P(-2) 

51. Q(x) = x4 + 3x3 — 2x2 + 4x — 9; Q(2) 52, Y= 2-22 3 = 
53. F(x) = 2x4 = x3 + 2x — 5; F(-3) 54. Q(x) =x*+ — 2x3 + 4x — 2; Q(-2) 
55. P(x) =x? — 3; PS) 56. S(t) = 40 + 5; S(-4) 

57. R(t) = 4t* — 322 + 5; R(-3) 58.) PQ) 27 a 

59. QO) =x? — 4x? = 2x? + 5x — 2; O(2) 60. T(x) = 2x° + 4x4 — x? 44-76) 
61. R@) = 2x — x3 + 4x — 1; R(-2) 62. P(x) =x° — x3 + 4x + 1; P(—-3) 


APPLYING THE CONCEPTS 
63. Divide by using long division. 
3 3 Seer C6 
CaO po fe ey 
a+b KEY cy 








64. For what value of k will the remainder be zero? 


an =" — 3x +k) = (4 3) b. (2x3 -x +k) +(-—1) 
65. Divide. 
an Ox tii + 2x8) (44-4 8) b. (4x? + 13x? = 22x + 24) = (6x — 12) 


C. (2x4 — 3x3 + 4x? +x -—10)+@?-x4+1) d. (8 Axe On? 5) = ee) 


66. Show how synthetic division can be modified so that the divisor can be 
y of the form ax + b. 
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~~! Focus on Problem Solving 


Dimensional 
Analysis organize the problem so that the answer is in the proper units. Using units to 








10 cm 





3 mi 
15,840 ft 


(3x +5) in. 


1 mi 
5280 ft 


In solving application problems, it may be useful to include the units in order to 


organize and check the correctness of an application is called dimensional 
analysis. We use the operations of multiplying units and dividing units in apply- 
ing dimensional analysis to application problems. 


The Rule for Multiplying Exponential Expressions states that we multiply two 
expressions with the same base by adding the exponents. 


4 4+6 10 


Aes scat he ae ae 


In calculations that involve quantities, the units are operated on algebraically. 


=» A rectangle measures 3 m by 5 m. Find the area of the rectangle. 
A = LW = (3 m)(5 m) = 3° 5)(m-m) = 15 m2 


The area of the rectangle is 15 m* (square meters). 


=» A box measures 10 cm by 5 cm by 3 cm. Find the volume of the box. 
V=LWHA =(10:cm)6 em)G em) = (107 5 -3)(em= em > cm) = 150’em? 


The volume of the box is 150 cm? (cubic centimeters). 


=> Find the area of a square whose side measures (3x + 5) in. 
Aged ore >) Is] 3034 i sis =e 0x | 25) ine 


The area of the square is (9x? + 30x + 25) in? (square inches). 


Dimensional analysis is used in the conversion of units. 


The following example converts the unit miles to feet. The equivalent measures 
1 mi = 5280 ft are used to form the following rates, which are called conversion 








1 mi 5280 ft . 
factors: = and ——_.. Because | mi = 5280 ft, both of the conversion factors 
1 mi q 5280 ft re 
5380 f 28d Gani are equal to 1. 
: ‘ f ; 5280 ft 
To convert 3 mi to feet, multiply 3 mi by the conversion factor ae 










3 mi=3 mi. ]= 2m). BREE _ Sant S780 _ 3 . 5280 ft = 15,840 ft 


There are two important points in the above illustration. First, you can think of 
dividing the numerator and denominator by the common unit “mile” just as you 
would divide the numerator and denominator of a fraction by a common factor. 
280 ft 
mi 
by 1 does not change the value of the expression. 


is equal to 1, and multiplying an expression 





: 5 
Second, the conversion factor 
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In the application problem that follows, the units are kept in the problem while 
the problem is worked. 


In 1980, a horse named Fiddle Isle ran a 1.5-mile race in 2.38 min. Find Fiddle 
Isle’s average speed for that race in miles per hour. Round to the nearest tenth. 


d : 
Strategy To find the average speed, use the formula r = a where r is the 


speed, d is the distance, and t¢ is the time. Use the conversion 











f 0 min 
actor 1 h 
Bs _d_ 15mi _ 15mi_ 60min 
SOMEONE > agian ae DSR ne TE 
90 mi 
= 237-8 jipk 
Tae 


Fiddle Isle’s average speed was 37.8 mph. 


Try each of the following problems. Round to the nearest tenth. 


1 


Z. 


10. 


11. 


Convert 88 ft/s to miles per hour. 


Convert 8 m/s to kilometers per hour (1 km = 1000 m). 


. A carpet is to be placed in a meeting hall that is 36 ft wide and 80 ft long. At 


$21.50 per square yard, how much will it cost to carpet the meeting hall? 


- A carpet is to be placed in a room that is 20 ft wide and 30 ft long. At $22.25 


per square yard, how much will it cost to carpet the area? 


. Find the number of gallons of water in a fish tank that is 36 in. long and 


24 in. wide and is filled to a depth of 16 in. (1 gal = 231 in’). 


. Find the number of gallons of water in a fish tank that is 24 in. long and 


18 in. wide and is filled to a depth of 12 in. (1 gal = 231 in’). 


1 
. A 7Z-acre commercial lot is on sale for $2.15 per square foot. Find the sale 


4 
price of the commercial lot (1 acre = 43,560 ft2). 


- A0.75-acre industrial parcel was sold for $98,010. Find the parcel'’s price per 


square foot (1 acre = 43,560 ft?). 


. Anew driveway will require 800 ft? of concrete. Concrete is ordered by the 


cubic yard. How much concrete should be ordered? 


A piston-engined dragster traveled 440 yd in 4.936 s at Ennis, Texas, on 
October 9, 1988. Find the average speed of the dragster in miles per hour. _ 


The Marianas Trench in the Pacific Ocean is the deepest part of the ocean. 
The depth is 6.85 mi. The speed of sound under water is 4700 ft/s. Find the 
time it takes sound to travel from the surface to the bottom of the Marianas | 
Trench and back. 
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| Projects and Group Activities 


Pascal's Triangle 


POINT OF INTEREST 


Pascal did not invent the 
triangle of numbers known as 
Pascal's Triangle. It was known 
to mathematicians in China 
probably as early as 1050 a.p. 
But Pascal's Traite du triangle 
arithmetique ( Treatise 
Concerning the Arithmetical 
Triangle) brought together all 
the different aspects of the 
numbers for the first time. 





Key Words 


Simplifying the power of a binomial is called expanding the binomial. The expan: 
sion of the first three powers of a binomial is shown below. 


(a+b)'=a+b 


(a+b)? =(a+b)a+b) =a? + 2ab+ Pb? 


(a+b) = (a+ bya + b) = (@? + 2ab + b*)(a + b) = a3 + 3a*b + 3ab? + b3 
Find (a + b)*. [Hint: (a + b)* = (a + b)3(a + b)] 
Find (a + b)°. [Hint: (a + b)° = (a + b)4(a + BD] 
If we continue in this way, the results for (a + b)® are 
(a + b)® = a® + 6a%b + 15a%b? + 20a3b? + 15a2b* + 6ab> + b® 


Now expand (a + b)’. Before you begin, see if you can find a pattern that will 
assist in writing the expansion of (a + b)® without having to multiply it out. Here 
are some hints. 


1. Write out the variable terms of each binomial expansion from (a + b)! 
through (a + b)®. Observe how the exponents on the variables change. 


2. Write out the coefficients of all the terms without the variable parts. It will 
be helpful to make a triangular arrangement as shown at the left. Note that 
each row begins and ends with a 1. Also note in the two shaded regions that 
any number in a row is the sum of the two closest numbers above it. For 
instance, 1 + 5 = 6and6 + 4 = 10. 


The triangle of numbers shown at the left is called Pascal’s Triangle. To find the 
expansion of (a + b)8, you need to find the eighth row of Pascal’s Triangle. First 
find row seven. Then find row eight and use the patterns you have observed to 
write the expansion (a + b)®. 


Pascal's Triangle has been the subject of extensive analysis, and many patterns 
have been found. See if you can find some of them. You might check the Inter- 
net, where you will find some web sites with information on Pascal's Triangle. 


| Chapter Summary 


A monomial is a number, a variable, or a product of a number and variables. The 
degree of a monomial is the sum of the exponents of the variables. 


An exponential expression is in simplest form when it is written with only positive 
exponents. 


A number written in scientific notation is a number written in the form 
a X 10”, where 1 =a < 10. 
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Essential Rules 


A polynomial is a variable expression in which the terms are monomials. A poly 
nomial of two terms is a binomial. A polynomial of three terms is a trinomial 
The degree of a polynomial is the greatest of the degrees of any of its terms. A 
polynomial in one variable is usually written in descending order, which means 
that the terms are arranged so that the exponents of the variable decrease frorr 
left to right. 


A polynomial function is an expression whose terms are monomials. A lin- 
ear function is given by the equation f(x) = mx + b. A second-degree poly- 
nomial function, called a quadratic function, is given by the equation 
f(x) = ax? + bx + c, a # 0. A third-degree polynomial function is called a cubic 
function. The leading coefficient of a polynomial function is the coefficient of 
the variable with the largest exponent. 


The product of two binomials can be found using the FOJL method, which is 
based on the Distributive Property. The letters of FOIL stand for First, Outer, 


Inner, and Last. 


Synthetic division is a shorter method of dividing a polynomial by a binomial of 
the form x — a. This method uses only the coefficients of the variable terms. 


Rule for Multiplying Exponential Expressions EE ME ee 


Rule for Simplifying Powers of 





Exponential Expressions Co) = 7 
Rule for Simplifying Powers of Products Gil y te = aitey re 
Definition of Zero as an Exponent If x # 0, then x® = 1. 
Definition of a Negative Exponent x "= = and . = x", 
x 

x #0 
Rule for Dividing Exponential Expressions = =x"" xt#0 

ee 

= aia P Ke Pp ea 
Rule for Simplifying Powers of Quotients a| One ee 
y n 

The Sum and Difference of Two Terms (a+ b)a-—b)=a2-b? 
The Square of a Binomial (a + b)* = a2 + 2ab + b? 
Remainder Theorem If the polynomial P(x) is 


divided by x — a, then the 
remainder is P(a). 


Dividend = (quotient X divisor) + remainder 
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Chapter Review 





1. Multiply: (—2ab*)(3ab?) 2. Simplify: (—3x*y3)2 


(2 a'b 3c ae 


3. Simplify: Qabe yi a 4. Write 2.54 x 10~3 in decimal notation. 

5. Given P(x) = 2x3 — x + 7, find P(—2). 6. Subtiact(3r> «8ay 4+ 2y7) (42 3y-) 

ae slimplity: (2x 1y2z°)(—3x3yz-3)2 8. Multiply: (2a!*b3)(—9b?c®)(3ac) 

9. Graph: f(x) =x? + 1 10. Identify (a) the leading coefficient, (b) the 


constant term, and (c) the degree of the 
polynomial P(x). =)3a° = 3x?.+ 7x + 8: 





11. Use the Remainder Theorem to evaluate 12. Multiply: —2x(4x? + 7x — 9) 
P(x) = x3 — 2x2 + 3x — 5 whenx = 2. 


13. Multiply: 2ab3(4a? — 2ab + 3b?) 14. Multiply: (3y? + 4y — 7)(2y + 3) 


15. Multiply: (5a — 7)(2a + 9) 16. Write 0.000000127 in scientific notation. 
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mode 


BS: 


25. 


Zi. 


29. 


30. 


Si: 


32: 


33. 
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Simplify: (Sy — 7)? 18. Divide: B+ —2 

Divide: #72 e+? 20. Divide: ~ fs ; 

Write 8.1 < 10° in decimal notation. 22. Simplify: sie? 

Multiply: (5a + 2b)(5a — 2b) 24. Use the Remainder Theorem to evaluate 
P(x) = —2x?'+ 2x2 = 4 whenx = —3. 

Add: (12y? + 17y — 4) + (9y2 — 13y + 3) 26. Multiply: (6b3 — 2b2 — 5)(2b2 — 1) 

Multiply: (a + 7)(a — 7) 28. Write 765,000,000,000 in scientific notation. 

The length of a Ping-Pong table is 1 ft less than twice the width of the table. 


Let w represent the width of the Ping-Pong table. Express the area of the 
table in terms of the variable w. 


The most distant object visible from Earth without the aid of a telescope is 
the Great Galaxy of Andromeda. It takes light from this galaxy 2.2 x 10° 
years to travel to Earth. Light travels about 6.7 x 108 mph. How far from 
Earth is the Great Galaxy of Andromeda? Use a 365-day year. 


Write the number of seconds in one week in scientific notation. 


The length of a side of a square checkerboard is (3x — 2) in. Express the 
area of the checkerboard in terms of the variable x. 


The length of a rectangle is (5x + 3) cm. The width is (2x — 7) cm. Find the 
area of the rectangle in terms of the variable x. 





Chapter Test _ 


Multiply: 2x(2x? — 3x) 


12x? 
—3x8 


Simplify: 





Divide: (x? + 1) + (x + 1) 


Simplify: (—2a’b)> 


Multiply: (a — 2b)(a + 5b) 


Divide: (x? + 6x — 7) @- 1) 


Multiply: (—2x° + x? — 7)(2x — 3) 


10. 


12. 


14. 
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Use the Remainder Theorem to evaluate 
P(x) = —x3 + 4x — 8 whenx = —2. 


Simplify: (—2xy?)(3x2y4) 


Multiply: (« — 3)(x? — 4x + 5) 


(3x3)? 
3xty! 





Simplify: 


Given P(x) = 3x* — 8x + 1, evaluate P(2). 


Multply: —3y7(—2y7 4 3y = 6) 


Simplify: (4y — 3)(4y + 3) 
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Simplify: (ab?) (a3b°) 16. Simplify: —se 

Simplify: Gay 18. Subtract: (3a? — 2a — 7) — (5a? + 2a — 10) 
Simplify: (2x — 5)? 20. Divide: >—**—2**7 

Multiply: (2x — 7y) (5x — 4y) 22. Add: (3x? — 2x? — 4) + (8x? — 8x + 7) 
Write 0.00000000302 in scientific notation. 


The mass of the moon is 3.7 X 10-8 times the mass of the sun. The mass of 
the sun is 2.19 X 1027 tons. Find the mass of the moon. Write the answer in 
scientific notation. 


The radius of a circle is (x — 5) m. Use the equation A = mr?, where r is the 
radius, to find the area of the circle in terms of the variable x. Leave the 
answer in terms of 7. 


Cumulative Review 
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Let x € {—8, —3, 3}. For what values of x is 
the inequality x => —3 a true statement? 


Simplify: 8 — 2[-3 - (-1)P +4 


Simplify: —5V 300 


Simplify: 2x — 4[x — 2(3 — 23x) + 4] 


Solve: 8x —3 —x = -6+ 3x —- 8 


Given P(x) = 3x* — 2x + 2, find P(—2). 


Find the slope of the line containing the 
points (—2, 3) and (4, 2) 


Find the equation of the line that contains 
the point (—2, 4) and is perpendicular to the 
line 3x + 2y = 4. 


Solve by the addition method: 
iz = 0 
Dea Vamol = 
=o py 2 


Muliplys 2+ 3)(22* = 3x41) 


10. 


12. 


14. 


16. 


18. 


20. 


Find the additive inverse of 83. 


a when a = 4, b = —2, andc = 6. 





Evaluate 


Identify the property that justifies the state- 
ment2x + .(—2x) = 0. 


Solve: 3 = [2:5 34) =—2 


Is the relation {(—1, 0), (0, 0), (1, 0)} a function? 


Find the equation of the line that contains 


the point (—1, 2) and has slope —3. 


Solve by using Cramer's Rule: 
20 3y = 2 
xt+y=-3 


Sumplify; =24 4a =xy) 441%. = Ay, 


Write the number 0.00000501 in scientific 
notation. 
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21. Graph:3x.— 4y =12 22. .Graph: —3xaiecy 26 





23. Solve by graphing: 24. Graph the solution set: 
hay 3 2X yee 2 
ea =O4 cS V=10 





(5x3y 32)? 
yiz? 


25. Simplify: (4a~2b?)(2a3b-!)-2 26. Simplify: 


27. The sum of two integers is twenty-four. The difference between four times 
the smaller integer and nine is three less than twice the larger integer. Find 
the integers. 


28. How many ounces of pure gold that costs $360 per ounce must be mixed 
with 80 oz of an alloy that costs $120 per ounce to make a mixture that 
costs $200 per ounce? 


29. Two bicycles are 25 mi apart and traveling toward each other. One cyclist is 
traveling at 1.5 times the rate of the other cyclist. They meet in 2 h. Find the 
rate of each cyclist. 


30. If $3000 is invested at an annual simple interest rate of 7.5%, how much ad- ) 
ditional money must be invested at an annual simple interest rate of 10% 
so that the total interest earned in one year is 9% of the total investment? 





31. The graph shows the relationship between the distance traveled e 
and the time of travel. Find the slope of the line between the two = 
points on the graph. Write a sentence that states the meaning of £ 
the slope. » 
s 
32. The width of a rectangle is 40% of the length. The perimeter of A Ot @ a een 
the rectangle is 42 m. Find the length and width of the rectangle. Time (in hours) 


33. The length of a side of a square is (2x + 3) m. Find the area of the 
square in terms of the variable x. 











echnical writers translate technological information into 
sily understood language for use in training manuals, 
public relations brochures, and the like. The computer 
ndustry uses software technical writers to explain the 
programs that computers run. Generally these technical 
writers need to learn from programmers how things work 
before they write the descriptions. It is common for software 
technical writers to have a liberal arts degree with some 
courses in mathematics and science, which enable them to 
etter understand technical instructions. 























Factoring 





Objectives 


Section 7.1 
To factor a monomial from a polynomial 
To factor by grouping 


Section 7.2 
To factor a trinomial of the form x? + bx +c 
To factor completely 


Section 7.3 


To factor a trinomial of the form ax? + bx + cby 
using trial factors 


To factor a trinomial of the form ax? + bx +c 
by grouping 


Section 7.4 


To factor the difference of two perfect squares or a 
perfect-square trinomial 


To factor the sum or the difference of two cubes 
To factor a trinomial that is quadratic in form 
To factor completely 


Section 7.5 
To solve equations by factoring 
To solve application problems 














Algebra from Geometry _ 


The early Babylonians made substantial progress in both 
algebra and geometry. Often the progress they made in 
algebra was based on geometric concepts. | 


Here are some geometric proofs of algebraic identities the 
Babylonians understood. 


a+b 





b eed 


(a+b)* =a? +2ab+b2 





ba ab. 
— (a-b)* =a? -2ab+b?2 





a+b 
(a—b)(a+b) =a? —b2 












Objective A 





2x (x +5)isa product. 






ve write it as a product. 







FAKE NOTE 


\t the right, the factors in _ 
arentheses are determined 
y dividing each term of the © 


1en we factor a polynomial, 


Common Factors 


To factor a monomial from a polynomial 


The greatest common factor (GCF) of 
two or more monomials is the product 
of the GCF of the coefficients and the 
common variable factors. 


Note that the exponent of each variable 
in the GCF is the same as the smallest 
exponent of that variable in either of the 
monomials. 


=> Find the GCF of 12a*b and 18a2b2c. 


The common variable factors are a? 
and b; c is not a common variable 
factor. 


To factor a polynomial means to write 
the polynomial as a product of other 
polynomials. 
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Oxy = 2-37 e x ey 
Sry = 2 De yy 
GCF =2-x-x:-y =2x*y 


The GCF of 6x+y and 8x?y? is 2x2. 


12a*b =2-2-3-a*-b 
18a2b?c = 2-3-3-a2-b?-c 
GCF = 2-3-a*-b = 6a2b 


Pee oo 


ee Factors 
2x2 + 10x 2x(x + 5) 


tae Factor 10 al 


In the example above, 2x is the GCF of the terms 2x? and 10x. It is a common 


factor of the terms. 


=> Factor: 5x? — 35x? + 10x 


Find the GCF of the terms of the polynomial. 


Sf 5-0 35x* =5-7-x2 
The GCF is 5x. 


Qe 920 Sy eae 


Rewrite the polynomial, expressing each term as a product with the GCF as 


one of the factors. 


5x? — 35x2 + 10x = 5x(x?) + 5x(—7x) + 5x(2) 


= 5x(x? — 7x + 2) 


® Use the Distributive Property 
to write the polynomial as a 
product of factors. 
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You Try It 1 


Example 1 
Factor: 14a? — 21a*b 


Factor: 8x? + 2xy 
Solution Your solution 
The GCF is 2x. 


8x? + 2xy = 2x(4x) + 2x(y) = 2x(4x + y) 


You Try It 2 


Example 2 
Factor: 27b? + 18b + 9 


Factor: n>? — 5n?2 + 2n 


Solution Your solution 


The GCF is n. 


n> — 5n? + 2n = n(n’) + n(—5n) + n(2) 
= n(n* — 5n + 2) 


Example 3 You Try It 3 
actor: 16x*y +°8x4y7-= 12x41)" Factor: 6x*y* — 9x°y* = 12x2y3 


Solution Your solution 
The GCF is 4x’y. 
Loxty = 8xcy? —12x4y° 

= 4x2y(4) + 4x?y(2x2y) + 4x2y(—3xy4) 

= Aya ae 2aey — 3x7y4) 


Example 4 You Try It 4 
Factor: x°” — 2x3” Factor: a” +4 + a2 


Solution Your solution 
The GCF is x”. 


yon = 2x3n — x84 24) ae xo" (D) 
= x3 (x20 = 2) 


Solutions on p. S18 








Section 7.1 / Common Factors 373 


Objective-B™ To factor Mee aT ae [ {20} ) 
In the examples at the right, the binomials in 2a(a + b)? 
parentheses are called binomial factors. sxx = ¥) 


The Distributive Property is used to factor a common binomial factor from an 
expression. 


The common binomial factor of the expression 6x(x — 3) + y*(x — 3) is & — 3). 
To faetor that expression, use the Distributive Property to write the expression 
as a product of factors. 


6x(x — 3) + ye — 3) = (x — 3)(6x + y?) 


Consider the following simplification of —(a — b). 
=(a=>b) ==l1@ —b)=-a+tb=b-a 


Thus, b-a=-(a-—b) 


This equation is sometimes used to factor a common binomial from an 
expression. 


mp Hactor 2x(x — y) + 5(y — x) 


2xK(x pat y) a Sy a 30) = 2G aa y) = 5iGG — y) @ 5(y — x) = 5[(—1)(x — yl 
=(e= Vv) 2x =25) = —5(x— y) 


Some polynomials can be factored by grouping terms in such a way that a 
common binomial factor is found. 


= Factor: ax + bx — ay — by 


ak ea ay — Dy = (ax + bx) = (ay + by) 


Group the first two terms and 
the last two terms. Note that 
—ay — by = —(ay + by). 
=x(a +b) -ya+tb) Factor the GCF from 

=(a + b)\(x — y) each group. 


=> Factor: 6x* — 9x — 4xy + 6y 


6x2 — 9x — 4xy + 6y = (6x? — 9x) — (4xy — 6y) — & Group the first two terms and 
the last two terms. Note that 
—Axy + by = —(4xy — Gy). 
= 3x(2x — 3) — 2y(2x — 3) _ ® Factor the GCF from 
= (2x — 3)(3x — 2y) each group. 
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Example 5 
Factor: 44(3x% — 2) — 16x — 2) 


Solution 
AX Oki a2) ox — 2) 


=( She 2) (AK 17) 


Example 6 
Pactor:. 9x" — 15x. — oxy 10y 


Solution 
Url oe One 10y 


=(9x-— 15%) — (oxy — 10y) 
= 3x(3x — 5) — 2y(3x — 5) 
= (3% — a)\(axi— 2y) 


Example 7 
Factoin3.-y — 4x — 15xy. + 20 


Solution 
Bye ae uy 4 20 


= (3x*y — 4x) — (15xy — 20) 
Aoxy — 4) — SCxy —4) 
Gi = 4ice—5) 


Example 8 
Factor: 4ab — 6 + 3b — 2ab? 


Solution 
4ab — 6 + 3b — 2ab2 


= (4ab — 6) + (3b — 2ab?) 
= 2(2ab — 3) + b(3 — 2ab) 
= 2(2ab — 3) — b(2ab — 3) 
= (2ab— 3)(2 — b) 


You Try It 5 
Factor 2y(62 —2)— 3(2,— 5x) 


Your solution 


You Try It 6 
Factor: a? — 3a + 2ab — 6b 


Your solution 


You Try It 7 
Factor: 2mn? — n + 8mn — 4 


Your solution 


You Try It 8 
Factorni2xy =<6y.— 2 4.4% 


Your solution 


Sg ee a 


Naa 


FEST ELSES, 


Solutions on p. S19 ; 
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7.1 Exercises 


eM eR ore AMM o mre eles (ee Nelrel ie ents 66 (60+ 0 ie «0 6 © 6s 0 1 8 ¢ 0 4 8 6 6. wie wes 


Objective A 
Factor. 
1. 5a+5 Zip 7 3. 16 — 8a? 4 12 1257 D0 OX File 
6. 16a—24 7 hB0a = 8. 20b+5 Os tHE 3x 10. 12y2 — 5y 
11. 3a? + 5a 12. 9x — 5x? 13. 1497+ 1ly 14. 6b> — 5b? 15. 2x4- 4x 
16. 3y* — 9y 17. 10x4* — 12x? 18. 12a>° — 32a? 19. 8a® — 4a 20. 16y* — 8y’ 
Zier y? Say” X22. “@*h2+ ab 232 Sry? “Oxy 24. 12a*b* 9ab- ~~ 25. x4y — xy" 


26. 3x3 + 6x2 +9x% 27. Sy3—20y?+10y 28. 2x4 — 4x3 + 6x2 29. 3y4 — 9y3 — Gy’ 


BOre ey + Gx — 14x 31. 3y2'— Oy? + 24y 32 oy eno) ae 33. ‘6a? — 3a 2a" 


Bawa y —3hy 4 [xy B5riea-b 90-2 ap 36. 5y? + 10y? — 25y 
Si. 4b° + 6b? = 12) 383 a7b79ab 1 5b2 39. 8x2y? — 4x2y + x? 
BOs x2" x" 41 20° Hae” BD ks 


43. y+ yn 44. a"t2+¢@ 4506 b? | 2-3p> 
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Objective B 


Factor. 


46. 


49. 


52. 


oe 


58. 


61. 


64. 


67. 


70. 


x(b + 4) + 3(b + 4) 
3r(a — b) + s(a — b) 
2x(7 + b) — y(b + 7) 
Rarele te oxy tay 
ital st — As 
Diente ove 

Zin A Oxy 349%" — 14 
yo — Oy — ay 4 2a 


200i 20 — SDE 2d 


APPLYING THE CONCEPTS 


47. 


50. 


J5. 


56. 


9: 


62. 


65. 


68. 


71. 


Wa EZ) a Nae) 
A622) ye) 
2y(4a — b) — (b — 4a) 
x? — 3x + 4ax — 12a 
ab + 6b — 4a — 24 
2y? — 10y + 7Txy — 35x 
De Ory 1 5y, 
21a a fo 


3st + t? — 2t — 6s 


48. 


51. 


54. 


Dike 


60. 


63. 


66. 


69. 


10% 


a(y — x) — b(y — x) 

in = 7) + Gow 
8c(2m — 3n) + (3n — 2m) 
D7 2p 37 par 

AY Vee LO) 

8yv2— 12vy + 14y— 219 
4a* + 5ab — 10b — 8a 

Bi = yy ok 


An aS xy Dy Ode 


A whole number is a perfect number if it is the sum of all of its factors less 
than itself. For example, 6 is a perfect number because all the factors of 6 
that are less than 6 are 1, 2, and 3,and1+2+3=6. 


73. Find the one perfect number between 20 


ia 


76. 





and 30. 


74. Find the one perfect number between 490 
and 500. 


In the equation P = 2L + 2W, what is the effect on P when the quantity 


L + W doubles? 


Write the area of the shaded portion of each diagram in factored 


form. 


a. 





b. 
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Factoring Polynomials of the Form 
x*7+ bx+ ec 






To factor a trinomial of the form x? + DX + Corcceccscscsccescsesesssnseseees 
Trinomials of the form x? + bx + c, where Rot 8x + 12° b = 8, c= 12 

b and c are integers, are shown at the 1h 129b = =7 6 = 12 
right. A= 2 — 15) ==? 6 = =15 


To factor a trinomial of this form means to express the trinomial as the product 
of two binomials. 


Trinomials expressed as the product of bi- x* + 8x + 12 =(« + 6)(x + 2) 
nomials are shown at the right. x* — 7x + 12 = (x — 3)(x — 4) 


n= 2 = 15 =@ + 3)G@ =5) 


The method by which factors of a trinomial are found is based on FOIL. Con- 
sider the following binomial products, noting the relationship between the 
constant terms of the binomials and the terms of the trinomials. 


(x + 6)@ + 2) = x2 + 2x + 6x + (6)(2) =x?4+ 8x+ 12 
sum of 6 and 2 
meee in i product of 6 and 2 
inomials are 
th : 
cant (x — 3)(x — 4) = x2 — 4x — 3x + (-3)(-4) =x? — 7x + 12 
sum of —3 and —4 
product of —3 and —4 
(x + 3)(« — 5) = x* — 5x + 3x + (3)(—5) =x?-—2x-—15 
Signs in the sum of 3 and —5 
binomials are product of 3 and —5 
opposite. 
(x — 4) + 6) = x? + 6x — 4x + (—4)(6) =x* + 2x — 24 


sum of —4 and 6 ———__— _ 
product of —4 and 6 


IMPORTANT RELATIONSHIPS 


1. When the constant term of the trinomial is positive, the constant terms of 
the binomials have the same sign. They are both positive when the coeffi- 
cient of the x term in the trinomial is positive. They are both negative when 
the coefficient of the x term in the trinomial is negative. 


2. When the constant term of the trinomial is negative, the constant terms of 
the binomials have opposite signs. 


3. In the trinomial, the coefficient of x is the sum of the constant terms of the 
binomials. 


4. In the trinomial, the constant term is the product of the constant terms of 
the binomials. 
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= Factor: x2 — 7x + 10 


Because the constant term is positive and the coefficient of x is negative, 
the binomial constants will be negative. Find two negative factors of 10 
whose sum is —7. The results can be recorded in a table. 


Negative 
Factors of 10 Sum 
te al 
i aaah e These are the correct factors. 
= 714 +10 =] — 2) — 5) ¢ Write the trinomial as a product of its factors. 
TAKE NOTE Check: (x — 2)(x — 5) =x? — 5x — 2x + 10 e Check the proposed 
= x2— 7x +10 factorization by multiplying 
Always check your proposed a ‘ - 
factorization to ensure the two binomials. 


accuracy. 


=> Factor: x2 — 9x — 36 


The constant term is negative. The binomial constants will have opposite 
signs. Find two factors of —36 whose sum is —9. 


Factors of —36 Sum 


t=O OD 

=), ar 3ke BD 

see emis! ao 

etal 16 

pO ee =, ® Once the correct factors are found, it is 
not necessary to try the remaining 
factors. 


x? — 9x — 36 = (x + 3) — 12) ¢ Write the trinomial as a product of 
its factors. 


=> Factor: x2 + 7x + 8 


Because the constant term is positive and the coefficient of x is positive, the 
binomial constants will be positive. Find two positive factors of 8 whose 


sum is 7. 

Positive Factors of 8 Sum 
1,8 9 
2,4 6 


There are no positive integer factors of 8 whose sum is 7. The trinomial 
x* + 7x + 8 is said to be nonfactorable over the integers. Just as 17 is a 
prime number, x? + 7x + 8 is a prime polynomial. Binomials of the form 
x —aand x + aare also prime polynomials. 


Example 1 You Try It 1 
Factor: x? — 8x + 15 Factor: x? + 9x + 20 


Solution Your solution 
Factors Sum e Find two negative 


See SG factors of 15 whose 
= 355 == S sum is —8. 


x* = 84 +:15:= @ — 3) —5) 


Solution on p. S19 
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gs 
re 


Example 2 You Try It 2 
Factor: x2 + 6x — 27 Factor: x? + 7x — 18 


Solution Your solution 
Factors Sum « Find two factors of 

py yA —27 whose sum is 6. 

ae ate 1 26 

oO =6 

oro 6 


xe + 6x — 27 = (x = 3)(x + 9) 





Solution on p. S19 


Objective B_ To factor Completely..............c:csccccecsesesceseccsscsssssscessesnssssessscessasessasesss ( {20} ) 


A polynomial is factored completely when it is written as a product of factors 
that are nonfactorable over the integers. 


TAKE NOTE = Factor: 4y? — 4y* — 24y 


The first step in any factorin Pein ONS pny meee if ; : 
problem is to detsintive : 4° — 4y? — 24y = ! Avy) — ayy) — 4y(6) © The GCF is 4y. Do this 
MepemicminetenmnSOrts step mentally. 
Polynomial have a common = 4y(y? — y — 6) © Use the Distributive Property 
aa they do, factor it to factor out the GCF. 
= Avy a2) Gy = 3) e Factor y? — y — 6. The two 
factors of —6 whose sum is 
—1 are 2 and —3. 
It is always possible to check the proposed factorization by multiplying the 
polynomials. Here is the check for the last example. 
Check: 4y(y + 2)(y — 3) = 4y(y2 — 3y + 2y — 6) 
=4y(y 16) 
= 4y? — 4y2 — 2Ay This is the original polynomial. 
= Factor: 5x? + 60xy + 100y? 
5x2 + 60xy + 100y? = | 5(x2) + 5(12xy) + 5(20y2) | —* ‘The GCFis 5. Do this 
Seer a ir geaaen pee > ire és step mentally. 
= (x7 +) I2xy 4.207") e Use the Distributive Prop- 
erty to factor out the GCF. 
TAKE NOTE = 5(x + 2y)(x + 10y) e Factor x? + 12xy + 20y’. 
The two factors of 20 


2y and 10y are placed in the 


ee See whose sum is 12 are 2 
binomials. This is necessary 


so that the middle term and 10. 
contains xy and the last term 
contains y’. Note that 2y and 10y were placed in the binomials. The following check shows 


that this was necessary. 


Check: 5(x + 2y)(x + 10y) = 5(x? + 10xy + 2xy + 20y7) 
=x Feat xy 20y") 
== 5x2 + 60xy + 100y" e The original polynomial 
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= Factor: 15 — 2x — x? 


Because the coefficient of x? is —1, factor —1 from the trinomial and then 


TAKE NOTE ; 
write the resulting trinomial in descending order. 
When the coefficient of the 
highest power in a polynomial 15 — 2x — x* = —(x? + 2x — 15) © 15 — 2x — x? = —1(-15 + 2x + x?) 
is negative, consider factoring = —(x2 + 2x — 15) 


out a negative GCF. 


Example 3 below is another = = (er o)(& = 35) e Factor x? + 2x — 15. The two 
example of this technique. factors of —15 whose sum is 
- 2 are 5 and —3. 
Check: —(x + 5)(x — 3) = —(x? + 2x — 15) 
= x? —2n + 15 
=< Se ¢ The original polynomial 


Example 3 You Try It 3 
Factor: —3x? + 9x? + 12x Factor: —2x3 + 14x? — 12x 


Solution Your solution 
The GCF is —3x. 


—3x3 + 9x? + 12x = —3x(x? — 3x — 4) 


Factor the trinomial x? — 3x — 4. Find 
two factors of —4 whose sum is —3. 


Factors Sum 
=2, +2 0 
+1, —4 =—3 


—3x3 + Ox? + 12x = —3x(x + 1) — 4) 


Example 4 You Try It 4 
Factor: 4x? — 40xy + 84y? Bactor34~—9xy. slay 


Solution Your solution 
The GCF is 4. 


4x? — 40xy + 84y? = 4(x? — 10xy + 21y?) 


Factor the trinomial x? — 10xy + 21y?. 
Find two negative factors of 21 whose 
sum is —10. 


Factors Sum 
tle ne 
=SeS 7 all) 


4x? — 40xy + 84y? = 4(x — 3y)(x — Ty) 


Solutions on p. S19 








7.2 Exercises _ 


° 
ae nn a SE Oa 92? CL) SLs ie eeie)ie\ elie! /e) fe!) o' ons (se) esses © «0 6 6-00 « 6 0 © © sie 0 8 0 eee he 6 8 we we 


Objective A 


Factor. 


1. 


13. 


17. 


Zi. 


25. 


29. 


33. 


37. 


x27+3x+2 


az*#+a-—12 


azt+a-2 


b?+7b-8 


yaa yt 6 


et 2260 


x? + 20x + 100 


x? — 11x — 42 
y? — 14y —51 
ye Oy at 32 


10. 


14. 


18. 


22. 


26. 


30. 


34. 


38. 
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x27+5x+6 


a* — 2a — 35 


a* — 2a —3 


May 00 

ve oye 
Peto 3D 
tae te L 
A ieee 10 
ye Vee 2 

y — Sy a 8 


11. 


15. 


19. 


23. 


27. 


31. 


35. 


39. 


2 


ee, 


Xx 


a*—3a+2 


b? - 6b +9 


yo Oy 155 


Zaz AS 


pat Wp 27 


b? + 9b + 20 


bo bi — 20 


p?-— 4p -21 


x* — 20x + 75 


12. 


16. 


20. 


24. 


28. 


32. 


36. 


40. 


x7+x-6 


a*—5a+4 


b? + 8b + 16 


Zz? — 4z — 45 


z2 — 14¢ + 49 


Due Ops 


b? + 13b + 40 


b* + 3b — 40 


p? + 16p + 39 


p? + 24p + 63 
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41. x?-— 15x + 56 


45. a? -—2la—72 


49. z* — 9z — 136 


53. 224+ 152+ 44 


57. x*— 4x — 96 


61. b* + 8b — 105 


65., 67 — 23b + 102 


69. x*+ 25x + 156 





Objective B 
Factor. 


73. 2x7+6x+4 


16.5 W470 


79. xy? — Sxy + 6x 


42. 


46. 


50. 


54. 


58. 


62. 


66. 


70. 


Aata2in 38 43. 
a? — Ta — 44 47. 
Zz? + 14z — 147 51. 


De + 249 135 55. 


Ae tel Oe 75 59. 


bee 2b 72 63. 


D225) 126 67. 


x* — 29x + 100 aL: 


x7+x-56 


a* — 15a + 36 


c? —c — 90 


c?2 + 19¢ + 34 


Rat a 


a* — 9a — 36 


a* + 27a + 72 


x* — 10x — 96 


74. 3x2 + 15x + 18 


77. ab? + 2ab — 15a 


80. xy? + 8xy + 15x 


44. x2+ 5x — 36 


48. a*—2la+ 54 


52. ce 36 68 


56. (c? ice ais 


60. x74 21x 100 


64. a* + 42a — 135 


68. 2? + 24z + 144 


72. x2+ 9x — 112 


13. ASH in 


78. ab? + Tab — 8a 


81. 23 — 722 4+ 12z 





82. 


85. 


88. 


91. 


94. 


oi. 


100. 


103. 


106. 


109. 


Ei: 


—2a° = 6a*_= 4a 


3x2 + 3x — 36 


6z* + 12z — 90 


ee Ay Oy" 


a2 — 15ab + 50b2 


ye = 15yz — 412? 


z+ + 2z3 — 8022 


yee Oy = 96y" 


—x4 + 11x3 + 12x? 


c? + 18c? — 40c 


x? — 8xy + 15y? 


Wert ayz.—= 2127 


83. 


86. 


89. 


92. 


95. 


98. 


101. 


104. 


107. 


110. 


113. 


116. 
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aye 12 = 18y 


2x3 — 2x2 + 4x 


2a3 + 8a2 — 64a 


eric Any — 2194 


Ay on 


y? + 85yz + 3622 


bi 22b7 + A20b? 


3y4 + 54y2 + 135y? 


4x*y + 20xy — 56y 


—3x3 + 36x? — 81x 


ye Tey SX" 


yo 8yz + 7z* 


84. 


87. 


90. 


93: 


96. 


99. 


102. 


105. 


108. 


114. 


117. 


4y? + 12y? — 72y 


Sz = 152.140 


3a? — 9a? — 54a 


a* — Yab + 20b2 


s* + 2st — 4872 


z+ — 1223 + 3522 


Die 3b° —{Obz 


SA Sa One 


3x*y — 6xy — 45y 


—4x3 — 4x? + 24x 


a* — 13ab + 42b? 


Ve nO) ae 1 
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118. 3x*y + 60xy —63y 119. 4x*y — 68xy — 72y 1202 3x24 3x5SB6x 
121. 4x3 + 12x? — 160x 122. (477 3272 = 1322 123. 522 307 la 
124. 4x3 + 8x? — 12x 125. 5x? + 30x? + 40x 126. 5p? 259 — 420 
127. 4p? — 28p — 480 128. p* + 9p} — 36p? 129. p* + p3 — 56p? 
130. f — 12¢s + 35s? 131. a* — 10ab + 25b2 132. a? — 8ab — 33b7 
133. x? + 4xy — 60y" 134. 5x* — 30x> + 40x? 135. 6x> 60 1207, 


APPLYING THE CONCEPTS 
Factor. 


136. 2+c*+ 9% 137. x*y — 54y = 3xy 138. 45a? + a*b? — 14a2b 


Find all integers k such that the trinomial can be factored over the integers. 


139. x27 +kxe + 35 140. x2 +kx + 18 141. x2+kxe4+21 


Determine the positive integer values of k for which the following polynomials 
are factorable over the integers. 


142. y>+4y +k 143. 2+ 7z2+k 144. a*-6a+k 


145. c?-—7e+k 146. x?-—3x+k 147. y?+5y+k 


148. In Exercises 142-147, there was the stated requirement thatk > 0. Ifk 
is allowed to be any integer, how many different values of k are possi- 
ble for each polynomial? 
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Factoring Polynomials of the Form 
ax? + bx+c 








Objective A_ To factor a trinomial of the form ax2 + bx + ¢ by using 
trial factors ......... Pete tebe eee earth Ned SLIEMA accnaunntarcnwsavnanbwaeive (27) 


Trinomials of the form ax? + bx +c, 
where a, b, and c are integers, are 
shown.at the right. 


panes 


8x° =< 4g = 3,5 
6x7 + 2x —-3;a =6,b 


These trinomials differ from those in the previous section in that the coeffi- 
cient of x? is not 1. There are various methods of factoring these trinomials. 
The method described in this objective is factoring polynomials using trial 
factors. 


To reduce the number of trial factors that must be considered, remember the 


following: 


i 


Use the signs of the constant term and the coefficient of x in the trinomial 
to determine the signs of the binomial factors. If the constant term is posi- 
tive, the signs of the binomial factors will be the same as the sign of the co- 
efficient of x in the trinomial. If the sign of the constant term is negative, 


the constant terms in the binomials have opposite signs. 


. If the terms of the trinomial do not have a common factor, then the terms 


of neither of the binomial factors will have a common factor. 


=> Factor: 2x? — 7x + 3 


The terms have no common factor. 
The constant term is positive. The 
coefficient of x is negative. The bino- 


Positive 
Factors of 2 
(coefficient of x?) 


Negative 
Factors of 3 
(constant term) 


mial constants will be negative. be Eg gt} 
Write trial factors. Use the Outer Trial Factors Middle Term 
and Inner products of FOIL to de- @=')Qx—3) = 3F oy 1-5 
termine the middle term, —7x, of the G@=2)Cro1) ae 164 eT 


trinomial. 


Write the factors of the trinomial. 


=» Factor: 3x2 — 8x + 4 


The terms have no common factor. 
The constant term is positive. The 
coefficient of x is negative. The bino- 
mial constants will be negative. 


Write trial factors. Use the Outer 


2x? — 7x + 3 = (x — 3)(2x — 1) 


Positive 
Factors of 3 
(coefficient of x*) 


C33 


Trial Factors 


Negative 

Factors of 4 

(constant term) 
S14 
ae 


Middle Term 


and Inner products of FOIL to de- @ = Gx = 4) AMEN S ERY Fy 
termine the middle term, — 8x, of the (x — 4)(3x — 1) etsy 2 13y 
trinomial. (@—2)3x-2) -2x-6x=-8x 


Write the factors of the trinomial. 


3x2 — 8x + 4 = (x — 2)(3x — 2) 
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TAKE NOTE 


The binomial factor 3x + 6 
has a common factor of 3: 
3x + 6 = 3(x + 2). Because 
3x? + 7x — 6 does not have 
a common factor, one of its 


=> Factor: 6x? + 14x? — 12x 


Factor the GCF, 2x, from the 
terms. 


Factor the trinomial 3x? + 7x — 6. 
The constant term is negative. The 
binomial constants will have oppo- 
site signs. 


Write trial factors. Use the Outer 
and Inner products of FOIL to de- 
termine the middle term, 7x, of 
the trinomial. 


It is not necessary to test trial fac- 
tors that have a common factor. 


6x3 + 14x? — 12x = 2x(3x? + 7x — 6) 


Positive 
Factors of 3 


ies 


Trial Factors 

= DGx 6) 
(x + 6)(3x = 1) 
G+ HGx —6) 
(x — 6)(3x + 1) 
(eZ Gre Ss) 


Factors of —6 


=1,~.6 
LO 
= 2 AS 
Ze 


Middle Term 

Common factor 
—x + 18x = 17a 
Common factor 
x— 18x= =f 
Common factor 


binomial factors cannot have GF BGx 92) —2x454+ 9x = 1% 
a common factor. (<3 2) (Gx —93) Common factor 
(x — 3)(3e +2) 2x -%=-7&% 


Write the factors of the trinomial. 6x? + 14x? — 12x = 2x(x + 3)3x — 2 


For this example, all the trial factors were listed. Once the correct factors have 
been found, however, the remaining trial factors can be omitted. For the exam- 
ples and solutions in this text, all trial factors except those that have a common 
factor will be listed. 


Example 1 
Factor: 3x2 + x — 2 


You Try It 1 
Factor: 2x? — x — 3 


Solution Your solution 
Positive Factors of —2: 1, —2 

factors of 3: 1, 3 = le 2 

Middle Term 


aa ao ae 
Ke = Ore = = See 


Trial Factors 

(1x + 1)(3x — 2) 
dk—=2)Ge- 1) 
(1x = 1)(6x + 2) 26 34 =x 
(1x + 2)(3x - 1) Ke OY = 5x 


Set x 2 = (ee 1) = 2) 


Example 2 
Factor: —12x3 — 32x? + 12x 


You Try It 2 
Factor: —45y? + 12y? + 12y 


Solution 

The GCF is —4x. 

= 12x? — 32x? + 12% = —4x(3x? + 8x = 3) 
Factor the trinomial. 


Your solution 


Positive Factors of —3: 1, —3 
factors of 3: 1, 3 alt eS 


Middle Term 


x — 9x = -—8x 
= 56 ie Che = the 


Trial Factors 


(x — 3)(3x + 1) 
(x + 3)(3x — 1) 


SIZ — 320 See = Ana 48a = 1) 


Solutions on p. S19 
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Objective BTo factor a trinomial of the form ax? + bx + c by grouping........ (275) fier} 


In the previous objective, trinomials of the form ax? + bx + c were factored 
by using trial factors. In this objective, these trinomials will be factored by 
grouping. 


To factor ax* + bx + c, first find two factors of a - c whose sum is b. Then use 
factoring by grouping to write the factorization of the trinomial. 


=> Factor: 2x? + 13x + 15 
Find two positive factors of 30 (2 - 15) whose sum is 13. 


Positive Factors of 30. Sum 


1, 30 OL 

wel 7: 

3, 10 13 © When the required sum has been 
found, the remaining factors need 
not be checked. 

DOE ASKS = 2x? 3x Oe 15 * Use the factors of 30 whose sum is 


13 to write 13x as 3x + 10x. 
= (2x? + 3x) + (10x +15) © Factor by grouping. 
= x(2x + 3) + 5(2x + 3) 
= (2% + 3)\@ +5) 


Check: (2x + 3)(x + 5) = 2x* + 10x + 3x 4+ 15 
= 2x? + 13x + 15 


=> Factor: 6x2 — 11x — 10 
Find two factors of —60 [6 - (—10)] whose sum is —11. 


Factors of —60 Sum 


ty —60 —59 
ie 00 59 
De 3U 26 
— 2 28 
Sel 0 Seely: 
oe) ty7 
AS elk 
6x2 — llx — 10 = 6x? + 4x — 15x — 10 ® Use the factors of —60 whose sum 


is —11 to write —11x as 4x — 15x. 
= (6x* + 4x) — (15x + 10) © Factor by grouping. Recall that 
= 2x17 -- 2) — Sore) —15x — 10 = —(15x + 10). 
= (3x4 2)(2%,— 5) 


Check: (3x + 2)(2x — 5) = 6x* — 15x + 4x — 10 
= 6x? — 11x — 10 
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m> Factor: 3x2 — 2x — 4 


Find two factors of —12 [3 - (—4)] whose sum is —2. 


Factors of —12 Sum 
1, -12 —11 
—1,12 11 

2, —-6 —4 
—2,6 4 

3, —4 —1 
—3,4 1 


Because no integer factors of —12 have a sum of —2, 3x? — 2x — 4 is nonfac- 
torable over the integers. 3x? — 2x — 4 is a prime polynomial. 


Example 3 
Factor: 2x? + 19x — 10 


Solution 
Factors of —20[2(—10)] Sum 


= 120 19 


2x? + 19x — 10 = 2x2 —x + 20x — 10 
= (2x? — x) + (20x — 10) 
= x(2x — 1) + 10(2x — 1) 
= (2x — 1)@ + 10) 


Example 4 
Factor: 24x’y — 76xy + 40y 


Solution 
The GCF is 4y. 


24x*y — Toxy + 40y = 4y(6x? — 19x + 10) 


Negative 
Factors of 60 [6(10)] 
160 
=2, —30 
20 = 23 
—4,-15 =—19 


6x? — 19x + 10 = 6x2 — 4x — 15x + 10 
= (6x? — 4x) — (15x — 10) 
= 2x(3x —"2) — 56x —2) 
=x — 2)Qx —5) 


24x*y — Toxy + 40y = 4y(6x2 — 19x + 10) 
= 4y(3x — 2)(2x — 5) 


Sum 


=! 
32 





You Try It 3 
Factor: 2a? + 13a — 7 


Your solution 


You Try It 4 
Factor: 15x? + 40x? — 80x 


Your solution 


Solutions on p. S20 


7.3 Exercises 
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i ee are nom meno ne* aor lgse) Colize) Js) [els ii es) 0) is! ese 8) (eae! se 3 ¢ «6 2 Se 6 6 ho we ee hehe hte hoe os 





Objective A 


Factor by using trial factors. 


1. 


13. 


17. 


Zi. 


253 


Zo: 


33. 


2 3x + I 
2a — 3a + 1 
oo. et 
a 10 
i221 7y sp 
6 = Jit+ 4 
Stee 62% = 7 
Ta? + 47a — 14 
2z* — 27z — 14 


2. 


10. 


14. 


18. 


22. 


26. 


30. 


34. 


5x2 + 6x + 1 


3a — 4a +1 


4x2 — 3x -1 


Cie iste 


67 — Sy 1 


10¢2 + 114 + 3 


Ox? — 13x — 4 


lla? — 54a —5 


477+ 5z-6 


11. 


15. 


19. 


23. 


2a: 


Si: 


35. 


2y? + Ty + 3 
2b? — 116 + 5 
2X PaaS 
Bp lope 
6 = 12.43 
Seago 4 


12y24F 19y 15 


B0ce LODE. 16 


Sp t222p — 16 


a2: 


16. 


20. 


24. 


28. 


525 


36. 


3y* + Ty +2 


807 130 +4 


3x2 + 5x -—2 


6p? + 5p + 1 


9z* + 3z +2 


7x? + 50x +7 


54 22755 8 


6D 190 a5 


(pe lop al 
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Sin ak OK 2 38, 12x2+33x—9 39. 15y* — 50y + 35 40. 30y? + 10y — 20 


AN I OKA) 4 eX 43. 3a2b-16ab+16b 44. 2a*b — ab — 21b 


45. 327+ 95z+ 10 46. 822 — 36z+ 1 47. 36x — 3x? — 3x3 48. —2x3 + 2x2 + 4x 

49. 80y2-36y +4 50. 24y2—24y-18 51. 823 + 147? + 3¢ 52. 623 2377 4 207 

Do wOx sy ol ley ay 54. 8x*y —27xy + Dy 55. 10/ — 54 — 50 

56. 16t? + 40t — 96 57.309 lop2 5p 58. 6p? + 5p? + p 

59. 26z* + 98z — 24 6093077 = 6770 61. 10y3 — 44y? + 16y 
62. 14y? + 94y? — 28y : 63. 4yz? + 5yz? — byz 64. 12a?+ 14a? — 48a 
65. 42a3 + 45a? — 27a 66. 36p? — 9p? — p' 67. 9x*y — 30xy? + 25y3 





68. 8x*y — 38xy? + 35y3 69. 9Ix3y — 24x*y? + Léxy3 70. 9x3y + 12xy + 4xy 








seaman cease Ea SERRE 


Objecti eB 


Factor by grouping. 


71. 


75. 


79. 


83. 


87. 


91. 


95. 


99. 


103. 


107. 


6x2 — 17x + 12 


6a2 + 7a — 24 


22p? + 51p — 10 


1872 — 9t —5 


Oxf 12x + 4 


33b2 + 34b — 35 


15a2 + 26a — 21 


8z2 + 2z — 15 


10z2 — 29z + 10 


3x2 + xy — 2y? 


ize 


76. 


80. 


84. 


88. 


92. 


96. 


100. 


104. 


108. 
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15x2 — 19x + 6 


14a2 + 15a — 9 


14p? — 41p + 15 


12t2 + 28t —5 


2557 0x 9 


15b? — 43b + 22 


6a2 + 23a + 21 


10z2 + 3z —4 


1522 — 44z + 32 


6x2 + 10xy + 4y? 


73. 


Ws 


81. 


85. 


89. 


93. 


97. 


101. 


105. 


109. 


ops 


477+ 11z+6 


8y2 + 17yV +9 


602-1 1be— 2 


607130456 


18y? — 39y + 20 


By? — 26y + 15 


15x? — 82x + 24 


3627 4 zap 


27 eae 2D" 


74. 


78. 


82. 


86. 


90. 


94. 


98. 


102. 


106. 


110. 


391 
8x2 — 30x + 25 
6z2 — 25z + 14 


12y2 — 145y + 12 


8b2 + 65b + 8 


20b? + 37D te 


24y? + 41y + 12 


13)2— 279 4 


13z2 + 49z — 8 


16z2 + 8z — 35 


2a? — Yab + 9b? 
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Lid. SAy* A yz 6z2= 0 2? aye 113. 28 + 3z-— 2? 114. 15-—2z- 22 
MES ro er ek 116. 12+ 11x —x? 1A 9 33000 118°" 16x27 = 160-2 
1199 247 524 24 120. 60x? + 95x + 20 121. 35a*t + 9a> — 2a? 
122. 15a* + 26a? + 7a? 1235-1504 15h 70 124. 25b2 + 35b — 30 
125.5 3Xs — 26xyer 35y4 126. 4x? + léxy + 15y? 127. 216y? —3y = 3 
128. 360y? + 4y — 4 129. 21 20x = x2 130. 18 + 17x — x? 

131. 15a? + 1lab — 14b2 132. 15a? — 3lab + 10b? 133. 332-382 
APPLYING THE CONCEPTS 

Factor. 


134. 2(y + 2)? —(y+2)-3 135.) 3(@ 2)°= @ 42)—4 136. 4(y — 1)? — 7(y - 1) -2 


Find all integers k such that the trinomial can be factored over the integers. 


137. 2x7 +kx +3 138. 2x2+kx -—3 139. 3x2+kx+2 


140. Write the area of the shaded portion of each diagram in factored form. 
a. b. 





141. In your own words, explain how the signs of the last terms of the two 
y binomial factors of a trinomial are determined. 





: 


LSE DAL 
e 


Sa 


Seensecnarese: 


Objective A 


TAKE NOTE 


Here are some more 
examples of perfect 
squares: 

Bo 4ge xe, ye. 


TAKE NOTE 


(a+ b)is the sum of the 
two terms a and b. (a — b) 
is the difference of the two 
terms a and b. aand bare 
the square roots of a? 

and b2. 


pene 





eR 
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\ 
: 


Special Factoring 





To factor the difference of two perfect squares or a 


MPeRr ACEP SCLIAT GS LITONNIGD ioe cccsseaciaxsevart ssesesssiisecaesicvoveccesossorseedeatenesee (275) 
The product of a term and itself Term Perfect Square 
is called a perfect square. The 5 aie Os 
exponents on variables of perfect Be Fe ae 
squares are always even numbers. 3y4 3y4 - 3y4 = gy8 

xn xn -xh= xan 
The square root of a perfect square is one of the two equal V25=5 
factors of the perfect square. “V ” is the symbol for square V2 = x 
root. To find the exponent of the square root of a variable Voy8 = 3y4 
term, divide the exponent by 2. 

\/ xen = xn 


The difference of two perfect squares is the product of the sum and difference 
of two terms. The factors of the difference of two perfect squares are the sum 
and difference of the square roots of the perfect squares. 


Factors of the Difference of Two 
Perfect Squares 


a2 — b?=(a+ b\(a— b) 





The sum of two perfect squares, a* + b’, is nonfactorable over the integers. 


=> Factor: 4x? — 81y? 


4x? — 81y*? ="(2x)? — (9y)? © Write the binomial as the difference 
of two perfect squares. 

® The factors are the sum and 
difference of the square roots of the 


perfect squares. 


= (2x + 9y)(2x — Yy) 


A perfect-square trinomial is the square of a binomial. 


Factors of a Perfect-Square Trinomial 


a?+2ab+ b?=(a+ bj? 


a? — 2ab+ b?=(a— b)* 





In factoring a perfect-square trinomial, remember that the terms of the binomial 
are the square roots of the perfect squares of the trinomial. The sign in the bino- 
mial is the sign of the middle term of the trinomial. 
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@> Factor: 4x? + 12x + 9 


Because 4x? is a perfect square [4x2 = (2x)*] and 9 is a perfect squar 
(9 = 32), try factoring 4x? + 12x + 9 as the square of a binomial. 


4x? + 12x +9 = (2x + 3) 
Check: (2x + 3)? = (2x + 3)(2x + 3) = 4x2 + 6x + 6x +9 = 4x? + 12x + 9 
The check verifies that 4x2 + 12x + 9 = (2x + 3). 
It is important to check a proposed factorization as we did above. The next ex. 
ample illustrates the importance of this check. 
= Factor: x? + 13x + 36 


Because x? is a perfect square and 36 is a perfect square, try factoring 
x* + 13x + 36 as the square of a binomial. 


x? + 13x + 36=(x+ 6) 
Check: (x + 6)? = (x + 6)(x + 6) = x2 + 6x + 6x + 36 = x2 + 12x + 36 


In this case, the proposed factorization of x2 + 13x + 36 does not check. 
Try another factorization. The numbers 4 and 9 are factors of 36 whose sum 
isto 


x? + 13x4+ 36=(x4 + 4)x 4+ 9) 


Example 1 You Try It 1 
Factor: 25x? — 1 Factor-euiearsoys 


Solution Your solution 
25x7 > 1 = (x)? = (12 
= (5x + 16x = 1) 


Example 2 You Try It 2 
Factor: 4x2 — 20x + 25 Factor: 9x2 + 12x + 4 


Solution : Your solution 
4x* — 20x + 25 = (2x — 5) 


Example 3 You Try It 3 
Factor: (« + y)* — 4 Factor: (a + b)? — (a — b)2 


Solution Your solution 
(x +y?—-4=(@+y)? — (2) 
=F y- 2) yee) 


Solutions on p. S20 
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Objective B-To factor the sum or the difference of two CUbeS...............c0000000+- C21} 
TAKE NOTE The product of the same three Term Perfect Cube 
‘ factors is called a perfect cube. 2 Phyo eon 8 
ere are some more 


examples of perfect 
cubes: 
64, 1000, b°, z' 


TAKE NOTE 


You can always check a 
proposed factorization by 
multiplying the factors. 


The exponents on variables of 


aye aay 3y By (ay) = S21 
perfect cubes are always divisi- y? y2 «yr. y2 = (y2)3 = yo 
ble by 3. 
The cube root of a perfect cube is one of the three equal fac- We 
tors of the perfect cube. “W ” is the symbol for cube root. W27y3 = 3y 
To find the exponent of the cube root of a variable term, di- <a 5 
vide the exponent by 3. as 


The following rules are used to factor the sum or difference of two perfect cubes. 


Factors of the Sum or Difference of 
Two Cubes 


a+ b> =(a+ b)(a? — ab + b’) 
a’ — b? =(a— b\a* + ab + b’) 





=> Factor: 8x? — 27 


Write the binomial as the differ- Sho 2 T= (24) — 3 

ence of two perfect cubes. 

The terms of the binomial factor = (2x — 3)(4x2 + 6x + 9) 
are the cube roots of the perfect Caterer he fiver 

cubes. The sign of the binomial fac- term 

tor is the same sign as in the given i Opposite of the product 

binomial. The trinomial factor is of the two terms 


obtained from the binomial factor. Square of ine lctteom 


Check: 4x2 + 6x + 9 
De 
—12x? — 18x — 27 
8x? + 12x? + 18x 


8° =a © The original polynomial 


=> Factor: a? + 64y? 


a? + 64y3 = a3 + (4y)3 ° Write the binomial as the 
sum of two perfect cubes. 


= (a + 4y)(a? — 4ay + 16y7) e Factor. 


=> Factor: 64y* — 125y 
64y4 — 125y = y(64y? — 125) e Factor out y, the GCF. 


= y|(4y)* = 57] ° Write the binomial as the 
difference of two cubes. 


= y(4y — 5)(16y? +20y + 25) e Factor. 
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Example 4 You Try It 4 
Factor: «y° —"1 PactOts 8 Vez" 


Solution Your solution 
<yr= 1 Gye aly 
= (= 1)G@+y7ee age 1) 






Example 5 You Try It 5 

Factor: (x +’y)3 — x3 Factorz\(% s1y))? Ei sky)? 
Solution Your solution 

Gory) = x 






=[@ +y)— x] [(@+ y)? 2 xGee vy) + 27] 
= y(x? + 2xy + y? + x? + xy + x?) 
= y(3x? + 3xy + y?) 






Solutions on p. S20 


Objective C_ To factor a trinomial that is quadratic in fOrM............2.00c00000000004. C275) fo 


Certain trinomials that are not quadratic can be expressed in the form 
ax* + bx + c by making suitable variable substitutions. A trinomial is quad- 
ratic in form if it can be written as au? + bu +c. 


Each of the trinomials shown below is quadratic in form. 


xA-+ 5x26 2x*y? + 3xy — 9 ) 
(x2)2 + 5(x2) + 6 opine e 
Letu =x. u*+5u+6 Let u = xy. 2u? + 3u -—9 | 


When we use this method to factor a trinomial that is quadratic in form, the 
variable part of the first term in each binomial will be uw. 


For example, x* + 5x? + 6 is quadratic in form by letting u = x?. Thus | 


x4 + 5x2 + 6 = (x2)? + 5(x2) +6 =u2 + 5u4 6. 


=> Factor: x+ + 5x2 + 6 
x++ 5x7 +6=u274+5u+6 © Letu= x2. 
=(u + 3)\(u + 2) ® Factor. 


Sir ts eee AD) ® Replace u by x2. 
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Example 6 : You Try It 6 
Factor: 6x*y? — xy — 12 Factor: 6x*y? — 19xy + 10 


Solution Your solution 
Let u = xy. 


6x*y? — xy — 12 = 6u2 =u — 12 
= (3u + 4)(2u — 3) 
= (3xy + 4)(2xy — 3) 


Example 7 You Try It 7 
Factor: 2x4 + 5x? — 12 Factor: 3x4 + 4x2 — 4 


Solution Your solution 
Let u = x2. 


2x4 + 5x2 — 12 = 2u2 + 5u -— 12 


= (2u — 3)(u + 4) 
= (2x? — 3)? + 4) 


Example 8 You Try It 8 

Pactorx y+ 3x*y" Factor: a*b* + 6a2b? — 7 
Solution Your solution 

Let u = x?y?. 


oy ony 0 =u + 3u-— 10 
(u + 5)(u — 2) 
Se Gry a2) 





Solutions on p. S20 
BELIV GH). TO FACTOF COMIDICTOLY occa cis0aeh ee nesncnsnesursensvacepisancnadhdfeercsnubsigapinaas (i215) 


When factoring a polynomial completely, ask the following questions 
about the polynomial. 


. ls there a common factor? If so, factor out the GCF. 


. Ifthe polynomial is a binomial, is it the difference of two perfect 
squares, the sum of two cubes, or the difference of two cubes? If 
so, factor. 


. Ifthe polynomial is a trinomial, is it a perfect-square trinomial or 
the product of two binomials? If so, factor. 


. Ifthe polynomial has four terms, can it be factored by grouping? If 
so, factor. 


. ls each factor nonfactorable over the integers? If not, factor. 
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Example 9 
Factor: 6a? + 15a? — 36a 


Solution 
6a? + 15a* — 36a = 3a(2a? + 5a — 12) 
= 3a(2a — 3)(a + 4) 


Example 10 
Factor: x*y + 2x2 -y -—2 


Solution 

Ky + 2x? —y — 2 = (x*y + 2x?) — (y + 2) 
=—Aly 2) Int 2) 
= Ny a2) a aa) 
= (y + 2) + I)@ —- 1) 


Example 11 
Factor: x? — y** 


Solution 

xin 2 ye = (x2")2 as ye 

(x2 a vee pees yee) 

A ve Ce (ye) 

= (x2 ele yO i eNO! pas y") 


II 


Example 12 
Factor: ion ty 


Solution 
xn t 3 ab xy — a ate y3) 
= x"(x + y)(x? — xy + y2) 


You Try It 9 
Factor: 18x? — 6x? — 60x 


Your solution 


You Try It 10 
Factor: 4x — 4y — x3 + xy 


Your solution 


You Try It 11 
Factor? —a-%y72 


Your solution 


You Try It 12 
actor: ax2)— axeye 


Your solution : 








Solutions on p. S20 





7.4 Exercisés. pe 


ee 
ee eo cee ce Steak ee) Le ei(@)| 6.61 (0) 6.6) 16) /e\ ele ‘a,He © 0 0 ¢ @¢ 6 6 ¢ © ¢.@ © 0 8 © © 8 © 6 8 8 6 we 8 8 





Objective A 


Factor. 


1. 


10. 


13. 


16. 


19. 


22. 


25. 


28. 


Sie 


34. 


x? — 16 


Six? — 4 


1 — 9a? 


a*b? — 25 


25 — ab? 


be" — 16 


b?-—2b+1 


49x? + 28x + 4 


b2+7b+14 


Ax*y? + i2xy + 9 


Kee OK? 9 


Guta, — 3) 


11. 


14. 


17, 


20. 


ZS: 


26. 


29: 


32. 


35. 


y? — 49 


(Ney ee 1 PI 


16 — 81y2 


x27+4 


64> x72 


x? — 12x + 36 


a? + 14a + 49 


4a? + 4a-1 


ye = Sy +25 


25a2 — 40ab + 16b? 


spo 1 6y" 64 


@—y)?—(@+b) 
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12. 


iS: 


18. 


Zk. 


24. 


729 6 


30. 


33: 


36. 


4x? — 1 


49y? — 36 


xy? — 100 


a*+ 16 


yo Oya 9 


lox? = 40% 25 


Oe eA 


A Oxy OYA 


4a? — 36ab + 81b? 


(e489 


Go— 2y)- — (a +4)? 
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Objective B 
Factor. 
37. x3—27 BSaay 125 39. 8x3 - 1 
40. 64a? + 27 41 — : 42. x° = 8y° 
43. mw +n 44. 27a°+ b> 45. 64x37 +1 
46. 1 — 125b° AT 21x? =) 8y? 48. 64x? + 27y3 
49. x3y3 + 64 50. 8x3y3 + 27 51. 16x3— 3 
52. 27x3 — 8y? 53. 8x3 — oy3 54. 2702 — 16 
55. (a-—b)- b 56. ao + (a+ by 57. xy 
5S wt 59. x37 + 8 60. a” + 64 
Objective C 
Factor. 
Ol. x4 — Say 15 62. 477 = Sry — 33 63. x*y? — 17xy + 60 
64. a*b* + 10ab + 24 65. x*— 9x2 + 18 66. y* — 6y? — 16 





Of. e130" = 90 68. a* + 14a? + 45 69. x4y4 — 8x2y2 + 12 





70. 


13s 


76. 


79. 


a*b* + 11a*h-26 


3x*y? — 14xy + 15 


10a*b2 + 3ab —7 


2x2" — 7x" + 3 





Objective D 


Factor. 


82. 


85. 


88. 


91. 


94. 


oF. 


100. 


103. 


5x2 + 10x +5 


27a* —a 


poy 2 ty? 


16x* — 81 


peeve — x3 


8x4 — 40x? + 50x? 


16a* — b+ 


a? = 25a? — 144 


71. 


74. 


as 


80. 


83. 


86. 


89. 


2. 


OS: 


98. 


101. 


104. 


x2? + 3x7 +2 


5x*y? — 59xy + 44 


2x4 — 13x? — 15 


Aa et Sag — 5 


12x? — 36x + 27 


7x? — 28 


y> + 6y4 — 55y3 


8x98" 


a>b® = b3 


6x> + 74x74 + 24x3 


6 


Oy 


3b5 — 24b? 
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ioe 


oe 


78. 


81. 


84. 


87. 


90. 


93. 


96. 


925 


102. 


105. 


a2" — aq" — 12 


Gab = 234ab 24 


3x* + 20x2 + 32 


6a2” + 19a" + 10 


3x Sie 
20x" — 5 
oe BL, 
16a,— 2a" 
xby6 — x3y3 
x4 — y4 


x4 — 5x2 - 4 


16a* — 2a 
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106. 


108. 


110. 


112; 


114. 


116. 


118. 


xty? — 5x3y3 + 6x2y4 


16x3y + 4x?y? — 42xy3 


Re 


Ax*y? — 4x? — Oye + 9 


x° — 4x3 — 8x? + 32 


qent2 =e 6qa"t2 Be 9a2 


Qxrt2 — Txntl 4 30 


APPLYING THE CONCEPTS 


120. 


121. 


122. 


123. 


124. 


125. 


107. 


109. 


111. 


113. 


115. 


117. 


119. 


a‘b2 — 8a3b3 — 48ab* 


24a*b? — 14ab? — 90b* 


5k a 


4x4 = x2 = 4x? ev y? 


eye ea x3 as xy? =| 


nent aie 2xnt! +x 


3bnt2 oe 4pr+! _— 4p” 


Find all integers k such that the trinomial is a perfect square. 
c. 49x? + kxy + 64y? 


a. x27 + kx + 36 b. 4x2 — kx + 25 


d.x7+8x+k e. x*2-—12x +k 


Factor: x7(x — 3) — 3x(x — 3) + 2(« — 3) 


f. 4? + Axy + ky? 


Factor x* + 64. Suggestion: Add and subtract 16x? so that the expres- 
sion becomes (x* + 16x? + 64) — 16x?. Now factor by grouping. ) 
| 


The area of a square is (16x? + 24x + 9) m2. Find the dimensions of 
the square in terms of the variable x. Can x = 0? What are the possible 


values of x? 


Can a third-degree polynomial have factors (x — 1), (x + hb) Ge=3)) 


and (x + 4)? Why or why not? 


Given that (x — 3) and (x + 4) are factors of x3 + 6x? — 7x — 60, ex- 
plain how you can find a third first-degree factor of x3 + 6x2 — 7x — 60. 


Then find the factor. 
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Solving Equations 





Objective A_ To solve equations by factoring (2)) 
HM) 


The Multiplication Property of Zero states that the product of a number and zero 
is zero. This property is stated below. 


If a is areal number, thena:0=0-a=0. 


Now consider x - y = 0. For this to be a true equation, then either x = 0 or 
y=0. 


Principle of Zero Products 


If the product of two factors is zero, then at least one of the factors 
must be zero. 


lfa-b=0, then a=0orb=0. 





The Principle of Zero Products is used to solve some equations. 


m® Solve: (« — 2) — 3) =0 


By the Principle of Zero Products, if (x — 2) — 3)=0,thenx — 2 =0 or 
Ni 25 |), 


OG 2) — 3) = 0 
ee 2s) x-3=0 ® Let each factor equal zero (the Principle 
of Zero Products). 


x=2 x=3 ® Solve each equation for x. 
Check: 
(x — 2)(« — 3) =0 = 2k 3) =0 
2G Deo 3s) 0 Ge (82320 
ON) a0 (1)(0) | 0 
0=0 True Q0=0 True 


The solutions are 2 and 3. 


An equation of the form ax? + bx +c =0,a #0,isa 3x ++2x+1=0 
quadratic equation. A quadratic equation is in stan- 
dard form when the polynomial is in descending 4x? — 3x +2 =0 


order and equal to zero. The quadratic equations at 
the right are in standard form. 
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=> Solve: 2x2 + x = 6 


2x7 +x=6 
2x2. Gi 6.0 e Write the equation in standard form. 
(2x — 3)(x + 2) =0 e Factor. 
2x -—-3=0 x+2=0 e Use the Principle of Zero Products. 
2x = 3 x=-2 e Solve each equation for x. 
5 
a 


sd 


3 j 
. and —2 check as solutions. The solutions are : and —2. 


Example 1 You Try It 1 
Solve: x(x — 3) = 0 Solve: 2x(x + 7) = 0 
Solution Your solution 
zx —3)=8 
x=0 Xe 3 ='0 
x=3 


The solutions are 0 and 3. 


Example 2 You Try It 2 
Solve: 2x2 — 50 = 0 Solve: 4x2 —- 9 =0 
Solution Your solution 
7— 50=0 

202 — 25) =0 
2 + 5)G='5y=0 
ao oO aS 

x= =5 <= 5 


The solutions are —5 and 5. 


Example 3 You Try It 3 


Solve: (x — 3)(x — 10) = —10 Solve: (x + 2)(x — 7) = 52 
Solution Your solution 


(x — 3)(x — 10) = —10 
x* — 13x + 30=—-10 © Multiply (x — 3)(x — 10). 
x* — 13x + 40=0 @ Add 10 to each side of 


(x — 8)(« -— 5) =0 the equation. The equation 
8 0 sg is now in standard form. 


The solutions are 8 and 5. 


Solutions on pp. S20-S21 
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Objective B To solve application probleM..........:0::c:cccccsssssssseesssssssesssessssssnnnnees (225) 
RecaJ] that the integers are the numbers ..., —3, —2, -1,0,1,2,3,.... 


An even integer is an integer that is divisible by 2. Examples of even integers 
are —8, 0, and 22, An odd integer is an integer that is not divisible by 2. 
Examples of odd integers are —17, 1, and 39. 


Consecutive integers are integers that fGt2Z713 
follow one another in order. Examples of p16 
consecutive integers are shown at the right. tit es 
(Assume that the variable n represents an 

integer.) 

Examples of consecutive even integers are 24, 26, 28 
shown at the right. (Assume that the vari- te ee 
able n represents an even integer.) tnt 2a 4 
Examples of consecutive odd integers are 19-71-23 
shown at the right. (Assume that the vari- =t01,3 

able n represents an odd integer.) n,n+2,n+4 


Example 4 You Try It 4 

The sum of the squares of two The sum of the squares of two positive 
consecutive positive even integers is consecutive integers is 61. Find the two 
equa} to 100. Find the two integers. integers. 


Strategy Your strategy 
First positive even integer: n 
Second positive even integer: n + 2 


The sum of the square of the first 
positive even integer and the square of 
the second positive even integer is 100. 


Solution Your solution 
n? +(n +2) = 100 
n2+n*+4n+4= 100 
2n? + 4n + 4 = 100 
2n* + 4n — 96 =0 
2(n2 + 2n — 48) =0 
n? +2n —-48=0 © Divide each 
side of the 
equation by 2. 
(n — 6)\(n + 8)=0 


n-6=0 n+8=0 
n=6 i—=—S 


Because —8 is not a positive even integer, it 
is not a solution. 


n=6 
n+2=6+2=8 


The two integers are 6 and 8. 


Solution on p. S21 
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Example 5 

A stone is thrown into a well with an 
initial speed of 4 ft/s. The well is 420 ft 
deep. How many seconds later will the 
stone hit the bottom of the well? Use the 
equation d = vt + 16t?, where d is the 
distance in feet, v is the initial speed, 
and ¢ is the time in seconds. 


Strategy 

To find the time for the stone to drop to 
the bottom of the well, replace the 
variables d and v by their given values 
and solve for ft. 


Solution 
d =vt + 16f? 
420 = 4t + 16f? 
0 = —420 + 4t + 167? 
1677 + 4t — 420 =0 
4(4t? + t — 105) =0 
47 +t-105=0 e Divide each 
side of the 
equation by 4. 
Gee i¢ 5) —0 
4t++ 21=0 fot 0 
4t = -21 t=5 
21 


— 
4 
Because the time cannot be a negative 


Dee : 
number, —7 is nota solution. 


The time is 5 s. 


You Try It 5 

The length of a rectangle is 4 in. longer 
than twice the width. The area of the 
rectangle is 96 in*. Find the length and 
width of the rectangle. 


Your strategy 


Your solution 





Solution on p. S21 
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7.5 Exercises 
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Objective A 


1. In your own words, explain why it is possible to solve a quadratic 
Y equation using the Principle of Zero Products. 


Solve. 


2. (y + 3)(y + 2)=0 AB. (y-3)fy-5)=0 4 @-7)Z-3)=0 5. @+8)e-9)=0 


62740 — 5)'= 0 1 eX 2) = 0 8. ala -—9)=0 9. afa+12)=0 
10. yQy + 3)=0 11. ¢(4t-—7)=0 12 -2a(a— 2) =0 13. 4b(2b + 5)=0 
14. (6+2)6-5)=0 15. (6-8)(6+3)=0 16. x?-81=0 Vex eG 
18. 4x*-49=0 Ore to 20. 9x7-1=0 21. 16x%7—49=0 


22. x7+6x+8=0 23. x2 -8x+15=0 24. 2+5z-14=0 25. 2+2-72=0 


26. 207 — 9a,—5)=0 27. 3a7+14a+8=0 28. 627+5z+1=0 29.) Gy" — 19) to 10) 


30. x? - 3x =0 31. a*-5a=0 32. x2-7x=0 33. 2a2- 8a=0 


34. a*+5a=-4 35. a? — 5a = 24 36. y* — 5y = —-6 37. y?—-7Ty=8 


38. 22+ 7t=4 39. 37+ f= 10 40, |) 3f — 13 = —4 41.. 52 — 16f = =—12 
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42. x(x —12)=-27 43. x@—-11)=12 44: yy—-—7)=18 45. y(y + 8)=—-15 


4620 p(PA3) == OA Tapp) 20 |< 48) Cred ee 49. y(y — 8)=—15 


50. x(x + 3) = 28 51. p(p -—14)=15 52. @+8)@-—3)=-30 53. © +4)Q—-1=—14 


54. (% = SG +4) = 52 DO. (2 iO) a) eS 56. (2-6) 6 1) =e 


57. (a+ 3)(a + 4) = 72 58. (a—-4)(a+ 7) =—18 59. 1 (2x + 5G) aoe 





Objective B_ Application Problems 


60. The square of a positive number is six more than five times the positive 
number. Find the number. 


61. The square of a negative number is fifteen more than twice the negative 
number. Find the number. 


62. The sum of two numbers is six. The sum of the squares of the two num- 
bers is twenty. Find the two numbers. 


63. The sum of two numbers is eight. The sum of the squares of the two 
numbers is thirty-four. Find the two numbers. 


64. The sum of the squares of two consecutive positive integers is forty- 
one. Find the two integers. 


65. The sum of the squares of two consecutive positive even integers is one 
hundred sixty-four. Find the two integers. 


66. The length of a rectangle is 2 ft more than twice the width. The area of w 
the rectangle is 84 ft?. Find the length and width of the rectangle. 


2w +2 
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67. The length of a rectangle is 8 cm more than three times the width. 
The area of the rectangle is 380 cm?. Find the length and width of the 
rectangle. 





ot : 
The formula S =" 5 : gives the sum, S, of the first nm natural numbers. 


Use this formula for Exercises 68 and 69. 


68. How many consecutive natural numbers beginning with 1 will give a 
sum of 78? 


69. How many consecutive natural numbers beginning with 1 will give a 
sum of 171? 


?—t 
z 
scheduled in a league with t teams if each team is to play every other team 

once. Use this formula for Exercises 70 and 71. 


The formula N = 





gives the number, N, of football games that must be 


70. How many teams are in a league that schedules 15 games in such a way 
that each team plays every other team once? 


71. How many teams are in a league that schedules 45 games in such a way 
that each team plays every other team once? 


The distance, s, in feet, that an object will fall (neglecting air resistance) in 
t seconds is given by s = vt + 16f*, where v is the initial velocity of the object 
in feet per second. Use this formula for Exercises 72 and 73. 


72. An object is released from the top of a building 192 ft high. The initial 
velocity is 16 ft/s, and air resistance is neglected. How many seconds 
later will the object hit the ground? 


73. An object is released from the top of a building 320 ft high. The initial 
velocity is 16 ft/s, and air resistance is neglected. How many seconds 
later will the object hit the ground? 


The height, h, in feet, an object will attain (neglecting air resistance) in t sec- 
onds is given by h = vt — 16t?, where v is the initial velocity of the object in 
feet per second. Use this formula for Exercises 74 and 75. 


74. A golf ball is thrown onto a cement surface and rebounds straight up. 
The initial velocity of the rebound is 60 ft/s. How many seconds later 
will the golf ball return to the ground? 


75. A foul ball leaves a bat and travels straight up with an initial velocity of 
64 ft/s. How many seconds later will the ball be 64 ft above the ground? 
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76. The height of a triangle is 8 cm more than the length of the base. The 
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area of the triangle is 64 cm?. Find the base and height of the triangle. 


b 





b+8 








7 cm 


77. The height of a triangle is 4 m more than twice the length of the base. 
The area of the triangle is 35 m2. Find the height of the triangle. 

78. The length of each side of a square is extended 5 in. The area of the 
resulting square is 64 in’. Find the length of a side of the original 
square. 

79. Asmall garden measures 8 ft by 10 ft. A uniform border around the gar- 
den increases the total area to 143 ft*?. What is the width of the border? 

80. The page of a book measures 6 in. by 9 in. A uniform border around the 
page leaves 28 in? for type. What are the dimensions of the type area? 

81. The radius of a circle is increased by 3 in.; this increases the area by 
100 in*. Find the radius of the original circle. Round to the nearest 

| hundredth. 

APPLYING THE CONCEPTS 

82. The length of a rectangle is 7 cm, and the width is 4 cm. If both 
the length and the width are increased by equal amounts, the area of 
the rectangle is increased by 42 cm?. Find the length and width of the 
larger rectangle. 

83. A rectangular piece of cardboard is 10 in. longer than it is wide. 
Squares 2 in. on a side are to be cut from each corner, and then the 
sides will be folded up to make an open box with a volume of 192 in3. 
Find the length and width of the piece of cardboard. 

84. Solve: p? = 9p? 85. Solve: (x + 3)(2x — 1) = (3 — x)(5 — 3x) 

86. Find 3n? ifn(n + 5) = —4. 

87. Explain the error made in solving the @ + 2) = 3)=6 









equation at the right. Solve the equation Kn 26 9X 8 = 6 
correctly. x=4 x=9 








Polya’s Four-Step 
Process 


POINT OF INTEREST 


George Polya was born in 
Hungary and moved to the 
United States in 1940. He lived 
in Providence, Rhode Island, 
where he taught at Brown 
University until 1942, when he 
moved to California. There he 
taught at Stanford University 
until his retirement. While at 
Stanford, he published 10 
books and a number of articles 
for mathematics journals. Of 
the books Polya published, 
How To Solve It (1945) is one of 
his best known. In this book, 
Polya outlines a strategy for 
solving problems. This strategy, 
although frequently applied to 
mathematics, can be used to 
solve problems from virtually 
any discipline. 
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‘| Focus on Problem Solving 


Your success in mathematics and your success in the workplace are heavily de- 
pendent on your ability to solve problems. One of the foremost mathematicians 
to study problemrsolving was George Polya (1887-1985). The basic structure 
that Polya advocated for problem solving has four steps, as outlined below. 


(For more information on Polya and his work, conduct a search on the Internet 
for “Polya.” You can also search the Math Forum at www.forum.swarthmore.edu.) 


1. Understand the Problem 


You must have a clear understanding of the problem. To help you focus on un- 
derstanding the problem, here are some questions to think about. 


e Can you restate the problem in your own words? 

e Can you determine what is known about these types of problems? 

° Is there missing information that you need in order to solve the problem? 
e Is there information given that is not needed? 

e What is the goal? 


2. Devise a Plan 


Successful problem solvers use a variety of techniques when they attempt to 
solve a problem. Here are some frequently used strategies. 


e Make a list of the known information. 

e Make a list of information that is needed to solve the problem. 

e Make a table or draw a diagram. 

e¢ Work backwards. 

e Try to solve a similar but simpler problem. 

e Research the problem to determine whether there are known techniques for 
solving problems of its kind. 

e Try to determine whether some pattern exists. 

e Write an equation. 


3. Carry out the Plan 
Once you have devised a plan, you must carry it out. 


© Work carefully. 

e Keep an accurate and neat record of all your attempts. 

e Realize that some of your initial plans will not work and that you may have to 
return to Step 2 and devise another plan or modify your existing plan. 


4. Review your Solution 
Once you have found a solution, check the solution against the known facts. 


e Ensure that the solution is consistent with the facts of the problem. 

e Interpret the solution in the context of the problem. 

e Ask yourself whether there are generalizations of the solution that could apply 
to other problems. 

e Determine the strengths and weaknesses of your solution. For instance, is 
your solution only an approximation to the actual solution? 

e Consider the possibility of alternative solutions. 
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We will use Polya’s four-step process to solve the following problem. 


A large soft drink costs $1.25 at a college cafeteria. The dimensions of the cup 
are shown at the left. Suppose you don’t put any ice in the cup. Determine the 
cost per ounce for the soft drink. 


1. Understand the problem. We must determine the cost per ounce for the soda. 
To do this, we need the dimensions of the cup (which are given), the cost of 
the drink (given), and a formula for the volume of the cup (unknown). Also, 
because the dimensions are given in inches, the volume will be in cubic 
inches; we need a conversion factor that will convert cubic inches to fluid 
ounces. 


2. Devise a plan. Consult a resource book that gives the volume of the figure, 
which is called a frustrum. The formula for the volume is 





V = Tp FIR sees) 


where h is the height, r is the radius of the base, and R is the radius of the top. 
Also from a reference book, 1 in? ~ 0.55 fl oz. The general plan is to calculate 
the volume, convert the answer to fluid ounces, and then divide the cost by 
the number of fluid ounces. 

3. Carry out the plan. Using the information from the drawing, evaluate the 
formula for the volume. 


V= STU + 1(1.5) + 1.52] = 9.577 = 29.8451 in? 


V = 29.8451(0.55) = 16.4148 fl oz ® Convert to fluid ounces. 
Cost eee pet oats Divide th t by the vol 
ost per ounce 16.4148 ; ivide the cost by the volume. 


The cost of the soft drink is approximately 7.62 cents per ounce. 


4. Review the solution. The cost of a 12-ounce can of soda from a vending 
machine is generally about 75¢. Therefore, the cost of canned soda is 
75¢ + 12 = 6.25¢ per ounce. This is consistent with our solution. This 
does not mean our solution is correct, but it does indicate that it is at least | 
reasonable. Why might soda from a cafeteria be more expensive per ounce 
than soda from a vending machine? ) 


Is there an alternative way to obtain the solution? There are probably many, 
but one possibility is to get a measuring cup, pour the soft drink into it, and. 
read the number of ounces. Name an advantage and a disadvantage of this. 
method. 


Use the four-step solution process for the following problems. 


1. A cup dispenser next to a water cooler holds cups that have the shape of a 
right circular cone. The height of the cone is 4 in., and the radius of the circu- 
lar top is 1.5 in. How many ounces of water can the cup hold? 

2. Soft drink manufacturers do research into the preferences of consumers with 
regard to the look and feel and size of a soft drink can. Suppose that a manu- 
facturer has determined that people want to have their hand reach around 

approximately 75% of the can. If this preference is to be achieved, how tall 

should the can be if it contains 12 0z of fluid? Assume the can is a right circu- 


lar cylinder. 
| 
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~| Projects and Group Activities 


Water Displacement When an object is placed in water, the object displaces an amount of water that 
is equal to the volume of the object. 


=» A sphere with a diameter of 4 in. is placed in a rectangular tank of water that 
is 6 in. long and 5 in. wide. How much does the water level rise? Round to the 
nearest hundredth. 


was ; 
V= aur e Use the formula for the volume of a sphere. 
4 32 1 1 
V _- — 23 = — @ =-fg = — — 
3 a(2°) 37 r of 5 (4) 2 


Let x represent the amount of the rise in water level. The volume of the 
sphere will equal the volume displaced by the water. As shown at the left, 
this volume is the rectangular solid with width 5 in., length 6 in., and height 





XA 
V = LWH ® Use the formula for the volume of a rectangular solid. 
32 
ee (6)(5)x © Substitute 7 for V,5 for W, and 6 for L. 
32 ; een Oe 
907 =x ® The exact height that the water will fill is 07 
TAD =x @ Use a calculator to find an approximation. 


The water will rise approximately 1.12 in. 


eo cm —*| 


20 CO perenne 











Figure 1 Figure 2 Figure 3 


1. A cylinder with a 2-centimeter radius and a height of 10 cm is submerged in 
a tank of water that is 20 cm wide and 30 cm long (see Figure 1). How much 
does the water level rise? Round to the nearest hundredth. 


2. A sphere with a radius of 6 in. is placed in a rectangular tank of water that is 
16 in. wide and 20 in. long (see Figure 2). The sphere displaces water until 
two-thirds of the sphere is submerged. How much does the water level rise? 
Round to the nearest hundredth. 


3. A chemist wants to know the density of a statue that weighs 15 lb. The statue 
is placed in a rectangular tank of water that is 12 in. long and 12 in. wide (see 
Figure 3). The water level rises 0.42 in. Find the density of the statue. Round 
to the nearest hundredth. (Hint: Density = weight + volume) 


_ 
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Key Words 


Essential Rules 


| Chapter Summary 


The greatest common factor (GCF) of two or more monomials is the product of 
the GCF of the coefficients and the common variable factors. 


To factor a polynomial means to write the polynomial as a product of other 
polynomials. 


To factor a trinomial of the form ax? + bx + c means to express the trinomial as 
the product of two binomials. 


A polynomial is nonfactorable over the integers if it does not factor using only 
integers. Such a polynomial is called a prime polynomial. 


A product of a term and itself is a perfect square. 
The product of the same three factors is a perfect cube. 
An equation of the form ax* + bx +c = 0,a # 0, is a quadratic equation. 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. The quadratic equation ax? + bx + c = 0 is in stan- 
dard form. 


Factors of the Difference of Two a’ —b*=(a+ b)a — db) 
Perfect Squares 


Factors of a Perfect-Square a* + 2ab + b* = (a+ by 
Trinomial a* — 2ab + b? = (a — by? 
Factors of the Sum or Difference a3 + b> = (a + b)(a? — ab + b?) 
of Two Cubes a? — b? = (a — b)(a? + ab + Db?) 


Principle of Zero Products 


If the product of two factors is zero, fab 0, then . 
then at least one of the factors must a= 0 or b= 0: 
be zero. 


General Factoring Strategy 


1. Is there a common factor? If so, factor out the GCF 


2. If the polynomial is a binomial, is it the difference of two perfect squares, the 
sum of two cubes, or the difference of two cubes? If so, factor. 


3. If the polynomial is a trinomial, is it a perfect-square trinomial or the 
product of two binomials? If so, factor. 


4. If the polynomial has four terms, can it be factored by grouping? If so 
factor. 


, 


5. Is each factor nonfactorable over the integers? If not, factor. 


| 
| 
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| Chapter Review 


Factor: 5x3 + 10x? + 35x 


Factor: 14y? — 49y° + 7y3 


Factor: 10x? + 25x + 4xy + 10y 


Factor: b? — 13b + 30 


Factor: y* + 5y- 36 


Factor: 4x? — 20x? — 24x 


Factor 6x? — 29x + 28 by using trial factors. 


Factor 2x? — 5x + 6 by using trial factors. 


2. 


10. 


12. 


14. 


16. 


Factor: 12a2b + 3ab2 


Factor: 4x(x — 3) — 5(3 -— x) 


Factor: 2lax — 35bx — 10by + 6ay 


Factor: c? + 8c + 12 


Factor: 3a? — 15a — 42 


Factor: n* — 2n? — 3n? 


Factor 12y? + 16y — 3 by using trial factors. 


Factor 3x2 — 17x + 10 by grouping. 
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17. 


19. 


ZA. 


Zo. 


Zoe 


Zi: 


28. 


Zo: 


30. 
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Factor 2a* — 19a — 60 by grouping. 


Factor: x2y? — 9 


Factor: x2” — 12x” + 36 


Factor: 15x* + x? — 6 


Factor: 3a° — 15a* — 18a2 


Solve: &% + 1)@ — 5) = 16 


18. 


20. 


22. 


24. 


ZG. 


Factor 18a? — 3a — 10 by grouping. 


Factor: 4x2 + 12xy + 9y? 


Factor: 64a? — 27b? 


Factor: 21x*y* + 23x2y? + 6 


Solve: 4x2 + 27x = 7 


The length of a hockey field is 20 yd less than twice the width of the hockey 
field. The area of the hockey field is 6000 yd?. Find the length and width of 


the hockey field. 


A rectangular photograph has dimensions 15 in. by 12 in. A picture frame 
around the photograph increases the total area to 270 in2. What is the 


width of the frame? 


The length of each side of a square garden plot is extended 4 ft. The area of 
the resulting square is 576 ft?. Find the length of a side of the original gar- 


den plot. 
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1. Factor: ab + 6a — 3b — 18 


3. Factor 8x? + 20x — 48 by grouping. 


5. Factor: a? — 19a + 48 


7. Factor: x2 + 2x — 15 


9. Factor: 5x2 — 45x — 15 


11. Solve: x(@ — 8) = —-15 


13. Factor: 27x? — 8 


10. 


12. 


14. 


Pactor;2y*— 14y? — 16y2 


Factor 6x? + 19x + 8 by using trial factors. 


Factor: 6x? — 8x* + 10x 


Solve: 4x2 — 1 = 0 


Factor: p* + 12p +36 


Bactomes scans 2cyet 12)" 


Factor 6x?y? + 9xy? + 3y* by grouping. 
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io. 


AZ. 


19, 


Zi 


23. 


24. 


25. 
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Factor: 6a4 — 13a2 — 5 


Pactor: 29% 1) —((p + 1) 


Factor 2x? + 4x — 5 by using trial factors. 


Factor: 4a? — 12ab + 9b? 


Solve: 2a = 3)\(a +7) =0 


16. 


18. 


20. 


22. 


Factor: a(x — 2) + b@& — 2) 


Factor: 3a? — 75 


Factor: x? — 9x — 36 


Factor: 4x? — 49y? 


The sum of two numbers is ten. The sum of the squares of the two numbers 


is fifty-eight. Find the two numbers. 


The length of a rectangle is 3 cm longer than twice its width. The area of 
the rectangle is 90 cm?. Find the length and width of the rectangle. 





1. 


nS. 


Cumulative Review 


Subtract: —2 — (-3) — 5 — (-11) 


, 


Evaluate —2a* + (2b) — c whena = —4 
b=2, ande=~!I. x 


Simplify: —2[4« — 2(3 — 2x) — 8x] 


Solve: 3x — 2 = 12 — 5x 


120% of what number is 54? 


Graph y = ax iS. 





Find the equation of the line that contains 
2 
the point (—3, 4) and has slope ar 


10. 


12. 


14. 
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Simplify: (3 — 7)? + (—2) — 3(-4) 


Multiply: —> (—20x?) 


5 10 
Solve: 7% as ~3y 


Solve: —2 + 4[3x — 2(4 — x) —-3]=4« +2 


Given f(x) =—2x7 "3x — 1; find {(2), 


Graph 5x + 3y = 15. 





Solve by substitution: 8x — y = 2 
y=5x+1 
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15. Solve by the addition method: 16. Simplify: (—3a*b2)? 
5x + 2y = —-9 
b2x— Ty =2 
17. Multiply: (« + 2)(x? — 5x + 4) 18. Divide: (8x? + 4x — 3) + (2x — 3) 
19. Simplify: («~4y3)? 20:- Factor33¢ —3b — axa ox 
21. Factor: 15xy? — 20xy* 22. Factor: x? —5xy —i14y" 
23. Solve: 3x? + 19x — 14=0 24. Solve: 6x? + 60 = 39x 


25. A triangle has a 31° angle and a right angle. Find the measure of the third 
angle. 


26. A rectangular flower garden has a perimeter of 86 ft. The length of the gar- 
den is 28 ft. What is the width of the garden? 


27. A board 10 ft long is cut into two pieces. Four times the length of the 
shorter piece is 2 ft less than three times the length of the longer piece. Find 
the length of each piece. 


28. An investment of $4000 was made at an annual simple interest rate of 8%. 
How much more money was invested at an annual simple interest rate of 
11% if the total interest earned in one year was $1035? 


29. A family drove to a resort at an average speed of 42 mph and later returned 
over the same road at an average speed of 56 mph. Find the distance to the 
resort if the total driving time was 7 h. 


30. The length of the base of a triangle is three times the height. The area of 
the triangle is 24 in?. Find the length of the base of the triangle. b 





Rational Expressions 





Objectives 


Section 8.1 

To simplify a rational expression 
To multiply rational expressions 
To divide rational expressions 


Section 8.2 


To find the least common multiple (LCM) of two or 
more polynomials 


To express two fractions in terms of the LCM of 
their denominators 


To add or subtract rational expressions with the 
same denominator 


To add or subtract rational expressions with 
different denominators 


Section 8.3 f 
To simplify a complex fraction 


Section 8.4 

To solve rational equations 

To solve proportions 

To solve problems involving similar triangles 
To solve application problems 


Section 8.5 
To solve a literal equation for one of the variables 


Section 8.6 
To solve work problems 
To solve uniform motion problems 


Section 8.7 
To solve variation problems 

















Measurement of the 
Circumference of the Earth 


Distances on Earth, the circumference of Earth, and 

the distance to the moon and stars are known to great 
precision. Eratosthenes, the fifth librarian of Alexandria 
(230 B.c.), laid the foundation of scientific geography with 
his determination of the circumference of Earth. 


Eratosthenes was familiar with certain astronomical data 
that enabled him to calculate the circumference of Earth 
by using a proportion statement. 


Eratosthenes knew that on a midsummer day, the sun was 
directly overhead at Syrene, as shown in the diagram. At 
the same time, at Alexandria the sun was at a 7;° angle 
from the zenith. The distance from Syrene to Alexandria 
was 5000 stadia (about 520 mi). 


Knowing that the ratio of the 7;° angle to one revolution 
(360°) is equal to the ratio of the arc length (520 mi) to 
the circumference, Eratosthenes was able to write and 
solve a proportion. 


This result, calculated over 2000 years ago, is very close to 
the accepted value of 24,800 miles. 
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een Urea ee oe 
& 
e 


Multiplication and Division 
of Rational Expressions 











a lacive A To simplify a rational expression (23) 
CUNEO HM? | 
A fraction in which the numerator and 
denominator are polynomials is called a S x? +1 yt+y-1 
rational expression. Examples of ratio- ze reais Ay? + 1 


nal expressions are shown at the right. 


Care must be exercised with a rational expression to ensure that when the vari- 
ables are replaced with numbers, the resulting denominator is not zero. 


Consider the rational expression at the 4x? — 9 
right. The value of x cannot be 3, because In = 6 
the denominator would then be zero. 4(3) = O81 97 
23) 6: = 0 Not a real number 


A rational expression is in simplest form when the numerator and denominator 
have no common factors. The Multiplication Property of One is used to write a 
rational expression in simplest form. 


=4 


=> Simplify: ao 


x? — 4 moe 2) 2) e Factor the numerator and denominator. 
x?—-2x-—8 (x —4)(x +2) 
ape Gt aN ees 
ea Nig Dd 














i e The restrictions x # —2, 4 are 
= ; So ea =) 1A sae 
x —4 necessary to prevent division 
by zero. 


This simplification is usually shown with slashes through the common factors. 
The last simplification would be shown as follows: 


1 
x? -4 (x — 2) 2) e Factor the numerator and denominator. 


x —2x—-8 (x — 4)le+2) 


x72 2 Nye © Divide by the common factors. The 
cit wy on restrictions x # —2, 4 are necessary 


to prevent division by zero. 


iris Masts z 

Ax 
Weta ey (Os x)(2 +X) 
R= A= Os 0) tad) 


map Simplify: — 


e Factor the numerator and denominator. 








=i 
rE Ors) © Recall that 5 — x = —(x — 5). Therefore, 
~ (¢—5)(x + 1) Oa ee 
x-5 x-—5 1 ; 
+ 
ae oe oe a ee 





ete 


424 Chapter 8 / Rational Expressions 


For the remaining examples, we will omit the restrictions on the variables tha 
prevent division by zero and assume that the values of the variables are suc! 
that division by zero is not possible. 


Example 1 
; sp AEN 
Simplify: éxty 





Solution 
4x34 io 2y* 
6x 3x 


e Use rules of 
exponents. 





Example 2 
2 
Simplify: aoe 


x +x—-—12 


Solution 
—1 


9 — x? bart eS 
x +x— 12 G—3)(x + 4) ea 


Example 3 

: x? + 2x — 15 
SE mai 
Solution 


1 
Leek ely ee — 3). et 5 
x Te + 12°) ie 3)e— 4) 4 
1 


Objective B_ To multiply rational expressions 


You Try It 1 
; Z 6x> 
Simplify: 


12347 





Your solution 


You Try It 2 


: : 2+ 2x — 24 
Simplify: naa 


x 


Your solution 


You Try It 3 


beac ee ete cae 
Si ae cer es | 


Your solution 


Solutions on p. S22 





The product of two fractions is a fraction whose numerator is the product of the 


numerators of the two fractions and whose denominator is the product of the 


denominators of the two fractions. 


Rule for Multiplying Fractions 


f= and F are fractions and b + 0, d #0, then 


a yf 
bd 
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pao x -— 5x +4 


wae. 
=> Multiply: - Pasa 3 


x? + 3x ea 
x7 -— 3x -4 x? +2x-—3 





Ee hoix(ait 3) na a> * Factor the numerator and 
(x — 4)\(x + 1) (x + 3) — 1) denominator of each fraction. 
1 1 1 
at _ XE + S)e—AY—T) * Multiply 
A(x + O+ 3)le—T) 
__« ¢ Write the answer in simplest form. 
tel 


Example 4 You Try It 4 


15 — 15x 3x —2 12x? + 3x _ 8x — 12 
Multiply: ete Sos Multiply: 79745 ‘ox 18 


Solution Your solution 
10x*- 15x 3x-2 
12x—8 20x —25 
_ Sx(2x mee oer ee) 
A(3x — 2) "5(4x =F) 


- Soc(Qx _ 3)(3x—2) —~ ese) 
. A(3x—2)8(4x Seo Alay = 5) 


Example 5 You Try It 5 
+x-—6 xe + 3x—4 
ee Sa 4 — x? 


: 74 2%—15 x? -—3x- 18 
Multiply: con er ed a 


x x? — 7x + 6 


Multiply: 


Solution Your solution 
xvt+x-6 x7+3x-4 
etixt 12 §4—x% 
eet 3K — 2). (x + 4)(« — 1) 
(x + 3) + ae @ —x)(2 + x) 


_ tS — Det Ae — 1) x 
FET IA—BQ +z) x +? 


Solutions on p. S22 





426 Chapter 8 / Rational Expressions 








ae 1 
Objective C_ To divide rational expreSSiOnS............:...:cc0cceccreeeenees AA ee (23) an 
The reciprocal of a fraction is a a b 
fraction with the numerator and b a 
denominator interchanged. Rete 1 
Fraction XK = S— — Reciprocé 
1 x 
bars x 
x Loree 


Rule for Dividing Fractions 


Divide fractions by multiplying the dividend 


by the reciprocal of the divisor. 




















ay wea 20. Ta eee ae ae 4 A(x + 4) 

eS ee ey | x? go 2 Ge) 
a2 eee 

The basis for the division G6 ee eee c_ad 

rule is shown at the right. ee MERE OG) 1 by Vc 
dnadarc 


Example 6 You Try It 6 
iz 2, 2 

Ween) GOS OX es a OXY 

Divide: ee Se 


Divid a 
lvl oe 
i % 4bc? 


— 2b’c 
Solution 
Rye Sxty 6x? = Dey 
ie z 
Sey Z 
i. Ze 6x? — 2xy 


Your solution 


3 


Example 7 You Try It 7 


eas 2x? + 5x +2 . 3x74+ 13x44 3x? + 26x +16 . 2x2 + 9% -—5 
Divide: = 1 Vie ee ee 
2x? + 3x —2 2x? + 7x — 4 Divide: 3x? — 7x — 6 x? + 2x -—15 


Solution Your solution 
2x74 Set 2 | Bx? ae $4 
2x7 + 3x-2 2x? 4+ 7-4 

a 2X2) 2k ees 

UP $36 —2 3x4 13x44 


— @xt D@+2)24~ tle) pee 
(2a 1) + 2)(3x + eral 3x + I 


Solutions on p. S22 
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ee ee 
on nO ese eee Ae OE et @) bey aire: ea (6 (@) 6) sles -0 © 0 © ‘8 « © © ¢ 6 © 6 © © @ © +e © © © . © © 8 © 6 © 





Objective A 
Simplify. 
9x3 
1. — 
12x* 
me 
ie (2x Ly 
Qe 1) 
7 6y(y + 2) 
. 2 
oyy + 2) 
3 c> 
10. 14x%°(/ 35) 
DIK(GX = 7) 
A— 6x 
= 3x? — 2x 
x7 +5x +6 
pe: x7 + 8x +15 
x7 +x-12 
Li x? — 6x +9 
4—y? 
Pas 0 
6x? — 7x +2 
ae 6x? + 5x — 6 


11. 


14. 


17. 


20. 


23: 


26. 





12x?(3 — x) 


18x(G >) 


a’ + 4a 
ab + 4b 


DAY oy 
OF 1x 


x? + 3x — 10 
x7 +2x-—8 


x? + 8x + 16 
x? — 2x — 24 


2x? + 2x* — 4x 


x? + 2x? — 3x 


2n? —9n + 4 
2n? — 5n — 12 


Ze 


i: 


18. 


21. 


24. 


2 











(x + 3) 
(x + 3) 
See 
2 
6x(~ — 5) 
8x7(5 — x) 
x? — 3x 
XO 
We Sy 2 
Vay nes 
a 
a’ +6a—7 
x? — 3x — 10 
25 — x? 
3x> — 12x 


6x? — 24x? + 24x 


x? + 3x — 28 
24 — 2x — x? 
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Objective B 
Multiply. 
2 Zz 
Dame 
Oy’ 4x 


30. 


2. 


34. 


36. 


38. 


40. 


42. 


44. 


Wy Mab? 
lao Oxy 








SiO 10x — 40 
SON 2 — 4 


Sees ay By 
Diy — yy 3a ED 


x? +54 +4 Ky 
a Ve x? +2x4+1 


ay? ex 49 
x? +3x-28 xy 





Det) ay 
Dryey sae — 2° 


ie 20 24 oe 0 
x*-5x-6 x7+6x+8 


ant 2 3 OK IS 


x? +4x-—21 x?4+ 9% + 18 


Zo; 


31. 


33. 


35. 


3a 


52: 


41. 


43. 


45. 


14a*b? 25x°y 
15x°y? 16ab 








18a%b? 50x°y® 
25-9 27a be 





8x —12 42x + 21 
14x +7 32x — 48 


Aai13d2 2D yD. 
2by + 5b 4a 3a 


ee xy 
ay x7 + 5x +6 


ey? x? + 2x — 3 


x +13x+30 . x¥2 


3a? + 4a? 3b? — 5ab3 
Sab —- 3b 63a +. 4a 


Ame T Fe oe a) 
x? +3x-4 x?-9% +414 


yity—20 y+ 4y -2i 


Via 2y 15.) eases 








x7 -—3x- 4.x Pe e6 











46. ————_ 
xvt+6xt+5 84+2x — x? 
12x? -— 6x 2x*+ 10x3 
Sor ia pein Te 
x +6x4+5 4x -— 1 
Pia ereuras tO 27 
x7 — 10% — 24 x? -— 17x + 72 
a Di om ie te Tx O30 
*~ 2x? + 7x +3 x? — 6x — 40 
Objective C 
Divide. 
4x73 6xy 
4. aa 
: 15a°b° 45a’? 
Be eae 12 |, 18x ~ 36 
” 8x +32- 10x +40 
aS Gein. OX IX 
"42x -3  36x-9 
2+4e4+3 x? +2x4+1 
SO eae 
xy xy 
x7—-49 x*- 14x 4+ 49 
62. — ~~ +>, 


4,,3 
xy xy 
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47. 


49. 


51. 


53. 


55. 


57. 


59. 


61. 


63. 


25 -n? na oh 20 
n?—-2n-—35 n?-—3n-10 


Sar Age xt 4 
x? —3x+2 16x? + 8x 


too la eae pl 
x?-—13x+42 20-x —x’? 


Ae Wee BO San Ta 0 
x? — 8x —48 3x? — 22x — 16 


Oxy? 450yr 
16a*b* ~~ 14a’b 








26x at 14x + 7 
45x —30 30x — 20 


Sa’y + 3a* _ 10ay + 6a 
2x3 + 5x2 6x? + 15x? 
xy? xy? 


se n10* «x? — 42-00 


ay xy® 


Fa oe 10 
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dax — 8a 2 —-xy ae Sixty. — 91 # ae ee 
Ae oe : 


ear ae ee ab? 


Ki Se « Ke On £8 Rogor es AU aye tee aes 


es: x2—9%x +18 x2 — 9x + 20 ou x? +2x—35 x?+3x-18 


x?+2x-15 x? +x-12 o> aoe aya 


ee ee 69. 
ce x? — 4-45 x2 — 5x — 36 Vo + Oy 7 ay 4 


=o Sch 26 — ah) ~ xt 114+ 28 a WIR WR Sie 
7? +7e+100 8 x2—x = 42 * x? -—7x +10 40 - 3x —-x? 


2x? — 3x — 20. 2x7 — 5x — 12 


G7 31 Oe Oty ee 2 
2x7 —7x- 30 4x24+ 12x4+9 


ie 4n*? —9  4n? 1 


Ge 


APPLYING THE CONCEPTS 


: : 9 
74. Given the expression 4 Choose some values of x and evaluate the 


expression for those values. Is it possible to choose a value of x for 
which the value of the expression is greater than 10? If so, what is that 
value of x? If not, explain why it is not possible. 


: ‘ 1 
75. Given the expression ra choose some values of y and evaluate the 


expression for those values. Is it possible to choose a value of y for 
which the value of the expression is greater than 10,000,000? If so, 
what is that value of y? If not, explain why it is not possible. | 


For what values of x is the algebraic fraction undefined? 


x 7 SXE-35 





I ee 11, SS 

(x — 2)(@ + 5) LenS Mae ae ae ee 
Simplify. 

Ve Ne oe ® y Dace’ 

rt GG 4) 








x+5 x45 x-2 
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a 


Addition and Subtraction of 
Rational Expressions 


Objective A_ To find the least common multiple (LCM) of two or 
EU RSAE PN NERD WAG T TIED eg erg oc os cage acm sdeicicvugeonevicdsbdausoorecants (24) | 


The least common multiple (LCM) of two or more numbers is the smallest 
number that contains the prime factorization of each number. 


a8 








TAKE NOTE The LCM of 12 and 18 is 36 because 12=2-248 
Sener soe ontens ne ee of 12 1I8=2°3-3 

because 36 is the smallest and the prime factors o ; Factors of 12 
number that both 12 and 18 au era 
divide evenly into. LCM = 36=2:2:-3:3 


Wa Oey 
Factors of 18 


The least common multiple of two or more polynomials is the polynomial of 
least degree that contains the factors of each polynomial. 


To find the LCM of two or more polynomials, first factor each polynomial 
completely. The LCM is the product of each factor the greatest number of 
times it occurs in any one factorization. 


=> Find the LCM of 4x? + 4x and x? + 2x + 1. 


The LCM of the poly- 4x? + 4x = 4c(¢ + 1) =2-2-x@+4+1) 
TAKE NOTE nomials isthe product «*7+2x+1=(+1)(«+1) 
of the LCM of the Factors of 4x? + 4x 


The LCM must contain the Hamericalrecetficiente 


factors of each polynomial. 


eens wath the braces and each variable LCM =2-2-x@ + 1)@ + 1) =4e@ + 1I)@+ 1) 
at the right, the LCM factor the greatest ee 
contains the factors of Humber of times it Factors of x* + 2x + 1 
4x? + 4x and the factors of : 
x5 7 occurs in any one 
factorization. 


Example 1 You Try It 1 
Find the LCM of 4x’y and 6xy?. Find the LCM of 8uv? and 12uw. 


Solution Your solution 
Ay 2° 26x xe VY 

Ou = 232 y 

POW = 2-2) 3-7 ay oy = 12x*y? 


Example 2 You Try It 2 
Find the LCM of x2 — x — 6 and 9 — x?. Find the LCM of m? — 6m + 9 and 
m? — 2m — 3. 


Solution Your solution 
x2? -—x—-6= (x — 3)\(x + 2) 

9 — x2 = —(x? — 9) = —(@ + 3) — 3) 

LOM =e ake + 2) 3) 





Solutions on p. S22 
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Objective B_ To express two fractions in terms of the LCM of 
their denominators............. 


OPP PPP PPP P PCP UP 


When adding and subtracting fractions, it is frequently necessary to express tw« 
or more fractions in terms of a common denominator. This common denomina 
tor is the LCM of the denominators of the fractions. 








=> Write the fractions —- I and <0 om in terms of the LCM of the denominators 
Find the LCM of the de- The LCM is 12x?(x — 2). 
nominators. 
TAKE NOTE For each fraction, multi- % ai nore ine 3 Oe 2) 230 eee 
2 ok a ply the numerator and An? ari iy4xtn 3Gp= 2)! eee 
eo) ee denominator by the fac- LCM 
a ee tors whose product with e380 yee 2x 2x? = 6x 
BS cra nea the denominator is the 6x? — 12x  6x(x —2) 2x  12x7(x — 2) 


the value of either fraction. 


LCM. 


Example 3 


ilies 
Write the fractions ~~ nd in 


terms of the LCM of fe ee ees 


Solution 

The LCM is 24x?y. 

eee BBY 

3x2 By 24 x2y 

ee 
“3x 24x*y 


Xe 
2570 
aed 
8xy 


8xy + Loy 


8xy 


Example 4 


Dye oe 
Write the fractions ——, ae rrr 


terms of the LCM of the denominators. 


Dante Land in 


Solution 
Deal 
2x — x? 


gee eee 
—(x* — 2x) x? — 2x 
The LCM is x(x — 2)(« + 3). 
Dito Mr ee 2K peg Nk eS 
x(x — 2) x+3° 


2x7 + 5x = 3 
2x — x? x(x — 2)(x + 3) 


Po 
Xx 


ac = x x 
et) 


<= 6 G6 —-Dees) ao 


You Try It 3 


pe ; 
Write the fractions —~ ae ae nd in terms 
of the LCM of the pens 


Your solution 


You Try It 4 


: : +4 
Write the fractions —— and in 


————_—___ _ 2x 
xk = 3x = 10 25 -—x? 
terms of the LCM of the denominators. 


Your solution 





Solutions on p. S22 





Section 8.2 / Addition and Subtraction of Rational Expressions 433 


Objective.C*’To add or subtract rational expressions with the 





RITE CIOUIOFENITIG UE CIN on. eced ota e Mh Lacsacesessecsseereocevosssessencusoesonederd [ (245) 
When adding rational expressions in which the denomi- CEM Ka Sie 
nators are the same, add the numerators. The denomi- b- t+ 


nator of the sum is the common denominator. 


Ok Tx _ 5a + 7x Iie 


ices is Les 














= 
1 Note that the sum 
x f 1 _ 1 Ss (a= TL) = 1 is written in sim- 
RI x 1 me 1 KR e+) x—1 plest form. 


When subtracting rational expressions with the same denominators, subtract 
the numerators. The denominator of the difference is the common denominator. 
Write the answer in simplest form. 








1 
TAKE NOTE ax = 4 Pe 2x — 4 2 2e—72) = 
Be careful with signs when 2 — 
subtracting algebraic 
fractions. Note that we must sh | 2x +3 JCe= Vie Ceres). 34. — faa 3 
cee P= 5x+4 x? - 5x +4 x? = 5x +4 x? = 5x +4 
numerator 2x + 3. 
(8x — 1) — (2x +. 3) = 1 
3x-—1-—2x-3. x—4 (x—4) 1 


Be Bahay aur ncorll acaa 


Example 5 You Try It 5 
too a 
Add: a “te Fe Add: a a 


12 
xy / 


Solution Your solution 


Example 6 You Try It 6 


3x? a +4 re LE ae 
Subtract: reg Sh Subtract: ie ee 


Solution Your solution 
KAY V3 as) 
x -1 x -1 x? -1 
a 3x? -x —4 
“Ay 37M 
1 
Oko aL) 
C= Ife) 





Solutions on p. S22 
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Example 7 You Try It 7 
Simplify: Simplify: 

2x7 +5 x? — 3x x-2 x? -1 2x + 1 x 
oo SL. Leen ee POIs ROMINA. SRoMenn Toy ne GEL Obi 
x +2x-3 x? +2e 3) x7 42%-3 x? —8x+12 x?—8x+12 x?-8x+12 
Solution Your solution 

2x7 + 5 ss x? — 3x x—-2 
42-3 eet 2e— 3 x7? +2 —3 

__ (2x? +5) — (x? — 3x) + @ — 2) 

x7 +2x -—3 
Mitta Or 4 30 a2 
< x? + 2x -—3 


1 
meseid 3 TG) ee 
42x -3 0 e+ 3-1) x1 


1 


Solution on p. S22 





Objective D_ To add or subtract rational expressions with 





CUTETENT GENOMINALONS <2 4..<tssedexc-ivo-vssseisvsrvsantresitineessce cence ee 23) 
TAKE NOTE Before two fractions with unlike denominators can be added or subtracted, 
aussie each fraction must be expressed in terms of a common denominator. This 
This objective requires using d é ihe LOM ofthed ‘ f thet: ‘ 
ie still learned in common denominator is the ot the denominators of the fractions. 
Objective 8.2B (writing two ae 6 
fractions in terms of the LCM mp Add: . + =— 
of their denominators) and x 2k x —4 
8.2C (adding and subtractin ' ¢ ; 
algebraic ae Gian st Find the LCM of the denominators. The LCM is x(x — 2)(x + 2). 
same denominator). 3 6 od 3 6 se 








= + en 
ee WOR = x: 
MG Die % Gis Xe 2 ee eG 2)(x +2) x fraction with 


x(x — 2)(x + 2) as 


® Rewrite each | 
| 
the denominator. ) 


= x -x-6 A 6x 
Kx = 2) $2) x2) 
_ @? -x-6)+6& 
= Re Gow SOG) ® Add the fractions. 
x7 + 5x -—6 
Ae — 2) 2) 
(x + 6)@ — 1) 
Klee = 2) 2) 


The last step is to factor the numerator to determine whether there are com- 
mon factors in the numerator and denominator. For this example there are no 
common factors, so the answer is in simplest form. 
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ae 
wee 


Example 8 
ere ae, 38) 
Simplify: paeibocinliae 
Solution 
The LCM of the denominators is 12x. 


yey a OY ence ay ew Sys. 8 


Nemo, At x 12 8x “ao “dx. 3 
12 


12x 12x _, 12x 
_ 12y- léy+9y 5 


Ny 
es 2x 


Example 9 
2x 5 


Subtract: —; — = 


Solution 
Remember: 3 — x = —(x — 3). 
ae 5 ke) 
3—-x —-@-3) x«-3 
2% 3 Dae ak . =) 
Pa oe XS XS 
eee 5) | 24 5 
coi ees 


Therefore, 


Example 10 
Zee et 


Subtract: MSs 


2x 


Solution 
The LCM is (2x — 3)(x + 1). 
oe 1 
2x-3 x+1 
2x 
ok in eek 2x = 3 
2x? + 2x 2x — 3 
~ Qx—3)\ae+1) (2x —3)« + 1) 
(2 Pn) ek 3) 2x* +3 
"(x = 3) + 1) 


~ (2x — 3\(x + 1) 


You Try It 8 
a . r SS Lied 
Simplify: By 


Your solution 


You Try It 9 


Se 3 
ee eX 


Subtract: = 


Your solution 


You Try It 10 
4x 9 


Subtract: [ee 


3x 


Your solution 


Solutions on pp. S22-S23 
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Example 11 
Add: 1+ 5 
x 


Solution 
The LCM is x2. 


Example 12 
hee AA 


Subtract: i ae 


2K 
Solution 
2x — 4 = 2(« — 2); x2 — 2x =x — 2) 


The LCM is 2x(x — 2). 


iG Aas eS x x 


ae-4 x= Wx—-2) x x(x —2) 2 


_ x? -—(4-x)2 
~ 2x(x — 2) 


2x(x — 2) 2x(% — 2) 
(eae 7) ees 
Ole Dy Ox 

1 


Example 13 


SX tee 


: : B 
po eee De gil 


4 
so = 


Solution 
The LCM is (2x + 1)(x — 1). 


Die 2 i 4 
2x? =—x—-—1 w+1 x-1 
4 


. 


8x 


(2x +1)%-1) (2x +1)@-1) 


i Orr 2) = Be S ye (Se #4) 
(2x + 1) — 1) 


— set 2 30434 8 +4 
Gra 1) 


8k +9 


You Try It 11 


1 
Subtract: 2 — —~ 
59 = 3 


Your solution 


You Try It 12 
a 


eS 
Add: Fiaee 


a-9 
a —25 


Your solution 


_# = (8-2) _¢ +2n-8 


You Try It 13 


seme Wega 5 1 
Simplify: 37 30 3g ea 


Your solution 


2x + 1 
Dace taal 


+4 


(2x + 1)(« — 1) 


ee Ge = 1) 


Solutions on pp. S23 








8.2 Exercises 
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Ae eon odes oh sia too) 6) elo Ese oiueltie heel fs 1s.1e 6| ei 6 6. « % iets &. 6 * % w 0% 8% 6 ow wee we ele 


Objective A 


Find the LCM of the expressions. 


1. 


nS. 


16. 


19. 


22. 


23. 


28. 


ot. 





8x3y 2. 
12xy? 

8x2 6. 
4x? + 8x 

Die) 10. 
12@ + 2) 

ce = Ia 2) 

G@— D@+ 3) 

Cae + 2) 

(a=57 FP 

x*-x-6 

x*+x-12 

x? — 10x + 21 

x? — 8x + 15 

x? — 7x — 30 

x? — 5x — 24 

2x? — 9x + 10 

2x2 +x -15 

Dt ae x? 

~=5 

ge se I 





6ab? 3. 
18ab? 

6y? de 
4y + 12 

8x2(x — 1)? 11. 
10x3(x — 1) 


14. Qx=— 1)\(% +4) 
(2x + 1) + 4) 


7 Goree al 
ce 
IG 2) 


x? + 3x -— 10 
x?+ 5x - 14 


20. 


x? — 2x — 24 
x? — 36 


las 


2x? — 7x +3 
2x27 +x-1 


26. 


6+x-x2 
ute 
oe = 3 


29: 


x? + 3x — 18 
Sea 
x+6 


32. 


10x? 
15x3y 


2x*y 
Bn 12% 


3x + 3 


2x? + 4x +2 


15. 


18. 


21. 


24. 


Zk 


30. 


33. 


437 
4. 12a*b 
18ab3 
8. 4xy? 
6xy? + 12y? 
12. 44— 12 
2x2 — 1244+ 18 


(2x + 3) 
(2x + 3) — 5) 


(x 4)Ge —-3) 
oa 
aaa 


oo Diet A 
a 3K 28 


x? + 7x +10 
x? — 25 


3x* — 11x +6 
3x2 + 4x — 4 


15 + 2x — x? 
a 
Ae 


x*—5x+6 
i 
aanG) 
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Objective B 


Write each fraction in terms of the LCM of the denominators. 




















37 se = ae 3 
"6x? Oxy x(x — 3)’ x? Ve Ve) 
49. = ss 50. eee a ees 

Bet 2x? — B se AO ee oes ee as 
54. eae = 9 , ae aoe aa 





Objective C 


56. Explain the procedure for subtracting rational expressions with the 
Y same denominator. 


Add or subtract. 
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ov ee -— one ae oe. oe = 1 aa 
ee 64, BAR US eee 
ro =i 2 5 < ot vee - 7 es se i = = 
69. = : 70. = : 


xe+2x—-15 x2 +2x—15 x2+3x-10 x2+3x—10 


2% + 3 X= 2 Si A Lie. 
721. ———— - ———_— Sei ee ete 
x*7-x-30 x*-x—-30 x7+5x-6 x7+5x-6 
ay Vo xt+1 x+2 
> St eg ae eg eee 
a 2y27+7y-4 2y*+7y-4 2x? —5x—12 2x? —5x—-12 
As 2x? + 3x 2x? — 3 A ESL 
* 47-—9x+20 x2-9x4+20 x?-9x+4+20 
oe 2x? + 3x Rex Se) x—-7 


x? -2x-63 x«*-2x-—63 x?-—2x —63 





Objective D 


77. Explain the procedure for adding rational expressions with different 
y denominators. 


Add or subtract. 


a 
x 


78. - 


S|wm 
AJ 
e 

SIN 
Slum 
SR 

WS) 

S 
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gi. 2 - = g2. = -24t 83. nies 

84. 2-54 85. ee 86. ae 

87. a+ 5-5 88. ae 89. Et 

90. ‘oe 91. SoS 92. A 

93: aoa 94, oS 95. ‘eo 

96. et 97. eos 98. =x 

99. de += 100. 5-2 101. 3442 

lee 103 eee ee 104, **=1_ 2x +3 
6x 8x xy xy xy? xy 

105. As eel oe: Sas ie 8 ne x-2 x47 








ar ee > ae 
3x°y Axy? 6xy? 8x7y "8x21. 2xy 
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1% St ae a re eee 
111. So s Et2: es ae es 
114, Sat 115. Be Tre pes a 
117. acs 118. ete ue Oe ee 
120. Seaia ea 121. =—*— - + 122. ears 

123. 1-2 124. =a ER vee yee 
126. —.-.°. tai at 
a x+4 es 129. ae : 





x?-x—-42 7-x x?-—3x-10 5-x 
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bo ee iS SS ae i ga epee 
APPLYING THE CONCEPTS 


136. Simplify. 
b 6 6 b xr+x—-6 x7+5x4+4 2 
a. |-—- +{—-4+— ge ae 
Xo 2 38 eX eS 3 xe 


137. Rewrite as the sum of two fractions in simplest form. 


3 3x + 6y b 4a? + 3ab 2 3m?°n + 2mn? 
xy abe i 12m3n? 
x 4 x +x+8 
138. Letf(x)= apes, g(x) = penis and S@) = ee Evaluate f(4), 2(4), and 


S(4). Does f(4) + g(4) = S(4)? Let a be a real number (a # —2, a # 3). 
Express S(a) in terms of f(a) and g(a). 


a a 1 1 
139. Find the sum of the following: on ees 
ola We tlh oee 
D2 2S es 
kop Ema le peel 
Lg le Ohba Ga 


Note the pattern in these sums, and find the sum of 50 terms, of 100 
terms, and of 1000 terms. 


140. When is the LCM of two expressions equal to their product? 
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oe : : a 
pape DRED TET Teer 








38.30 Complex Fractions 


























Objective A To simplify a complex fraction .....6.<..60ccccccecccccsscessssesssesescsscsssseseseees (z)) 
POINT OF INTEREST A complex fraction is a fraction e2 1 ire 
3 = x 
Bi cie ate manvinwiancés of whose numerator or denominator 3 x ad 
complex fractions in contains one or more fractions. Ex- 1’ , i 
application problems. The amples of complex fractions are 2 > oaaa ‘ ce bo 
eae shown at the right. 
fraction i 7 is used to 
= + menet 
R, R, 
determine the total resistance eee a 
in certain electric circuits. ade Simplify: 
i= 
x 
TAKE NOTE Find the LCM of the denominators of the fractions in the numerator and de- 
‘ ree 
eri we ure manning nominator. The LCM of x and x? is x?. 
j x? 
the complex fraction by xe ie is t= . : ® Multiply the numerator and denominator 
which equals 1, so we are Moe Rae by the LCM. 
not changing the value of the 2 2 x? 
fraction. i= i= 
Second, we are using the x x 
Distributive Property to , 4 , 
4 ee Nera a: Hep ° Simplify 
multiply (i aa ze and a x Imptity. 
2 
2\, Lae i 





Example 1 


x 


Simplify: 


1 


1 
iG 4 


Solution Your solution 
The LCM of x, 2, x*, and 4 is 4x2. 


Solution on p. S23 
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Example 2 


Simplify: 


Solution 
The LCM of x and x? is x2. 


~ x? — 11x + 30 


er 
— & Se - 6) x - 6 


Example 3 
20 

: ; x+4 
Simplify: 


24 
AG Lie 


aa Cnet 


Solution 
The LCM is x + 4. 


20 


— 8h 
: x+4 


x(x + 4) — 8x +4) + 


“(x + 
x F 4. ae 


+4) —10(x +4) + 
x(x + 4) (x + 4) eee 


x? + 4x — 8x — 32 +20 _ x? — 4x — 12 


“(% + 4) 


De ae 10 40 24 eS Gs 


_G-Olet+2) 2-6 
= 842) x8 


You Try It 2 


1+245 
Simplify: i 


x 


1 


Al 
=f: ei 


Your solution 


You Try It 3 


20 
Xie 


Simplify: f= 
4 gee 
x35 


Your solution 


Solutions on p. S23 

















se oalieee a 


eS oa an a 











Section 8.3 / Complex Fractions 445 


8.3 Exercises 


ee e @ 
no ee One eS. 6 eee) Oe 6, io 6 1s 6 Tene ee ese Ewes <6, felve oe -0 © @ 6 © © © ©. ewes Gere eo, © « « 






























































Objective A 
Simplify. 
3 
Loan pee ee 
1. Zz Z 3 wee eRe 
= Ts pee 
x? x? x+4 
2 
5- 2 1+ S 2- i 
4. —— eee greece 
. = 3 2 ee 4 a 7 
SoD Va 24-14 
ais? p13 ees 
eta ane eee 
7 8. 9 
a : 5 | f= 
x+7 MO ee 
530 Lele 
ee ee eee ae? INTE 2) 
10. —+—— LL anaes 1S: ae 
ea ey Leos. here ecos 
x XK LAK aa 
3 18 4 
Le Xx Lae x+3 
13. ———_— 14. ———————— 15. 
Ae oS 21 4 1 
s+ --1 5 eel 1+ 
x x ae eG x +3 
1 1 ne 1 2 2 
y+— 2x $4 ane tl 
16. —— 17. Fie lass 18. 4 
Dey © e+ 1 at SE 
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10 
x—-5+ ue at+4+ iON = 
x +4 20 Se OS 21..—_——————_ 
—— easeaee aio 
LieS ears a era x—6 
5 . 22 a egal 
ous ea y oe aa Qe ark 
Dee Ae Bing > 23. aie. 24. ie eG ia 
= + a 
Bee | Ne oy aS Fig ees 
2 cee ls tp 82 
5 ee nG — 
aa cael 
25. pe, 26. pe Beg Dilie i 
gee eee m. 2c fy 
‘ 2x — 3 2x +1 ae 
ae meme a oe 
fie Je x 3x +1. x 
ae mar i> eae 30,  ———————- 
23 — : 29 rr ea 
n+1n x2 — OCaml 
APPLYING THE CONCEPTS 
Simplify. | 
1 1 | 
31. 1+ —. 3 eae 33. 1 
(hes ib = i 
: ee a ) 
yp, 
ares ie Nace rani y eee 
4. —— 35. {|—---]+/-—-3+4+2 36. 
a eZ i f 2 ioe 


37. How would you explain to a classmate why we multiply the numerator 
Y and denominator of a complex fraction by the LCM of the denomina- 
tors of the fractions in the numerator and denominator? 








- Rational Equations 





Sess a 
ge aa 
a 8 e 4 : 


Objective A_ To solve rational equations 
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To solve an equation containing fractions, clear denominators by multiply- 
ing each side of the equation by the LCM of the denominators. Then solve for 


the variable. 


C3 a oe UT 
=> Solve: ae say 





Sil yD 7 
+ 














TAKE NOTE BAI Xa) Ox 

Note that we are now solving ioe 3x — 1 x 2) _ ioe she 
equations, not operating on i 4x 3x 6x 
expressions. We are not writing 

each fraction in terms of the Oe 3x —1 ay 2 to ne 
LCM of the denominators; we 4x SX 6x 
are multiplying both sides of the 

equation by the LCM of the L2x/( 3x —1 L2x/ 2 \_ 12xf 7 
denominators. 1 4x i \ sie LENOX 


8Gn— I) 4) S27) 
9 — 3+ 8 = 14 


Ox + 5 = 14 
oa 
aa 


1 checks as a solution. The solution is 1. 


The LCM of 4x, 3x, and 6x is 12x. 


Multiply each side of the equation 
by the LCM of the denominators. 


Simplify using the Distributive 
Property. 


Solve for x. 


Occasionally, a value of the variable that appears to be a solution of an equa- 
tion will make one of the denominators zero. In this case, the equation has no 


solution for that value of the variable. 


2x 4 
ie p= 








=> Solve: 


KG 
alate 
x—2 x= 2 








33 = 2 





Ce ee a op 2(1 : 
x—2 








| ® The LCM is x — 2. Multiply each 
side of the equation by the LCM. 











4 
co pee (6 92 ie Weare ies ® Simplify using the Distributive 
ee 2 Property and the Properties of 
1 1 Fractions. 
Cea iiie «2% i —2) 4 
: en AD) br _—— 
1 x 1 ee 
1 
Di ei A ® Solve for x. 
2k =H +2 
x=2 
When x is replaced by 2, the denominators of és Ze 5 and ya are zero. There- 


fore, the equation has no solution. 
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Example 1 You Try It 1 


iG 5 


Solve: = 


x Zz a 
49 KO 3 


Solve: am ae 


Solution Your solution 
The LCM is x(x + 4). 
KG 
Cenex: 
(x + 4) ~_| - (x + 4) f 
a REA sh XG 
1 1 
MA) ek _ #a+4) 2 
1 oh 1 x 
1 
Ke= (ae 4)2 
x7=2x+8 


Solve the quadratic equation by factoring. 


Mk oO 
GS4)a + 2) = 0 
x—4=0 x+2=0 
x=4 X= 
Both 4 and —2 check as solutions. 
The solutions are 4 and —2. 


Example 2 You Try It 2 


Sip 12 rosie pe 10 
SONG ag Ot a Solve nap a eae 


Solution Your solution 
The LCM is x — 4. 


Bx IP 
=5+ 
nr 


A) ere 12 
ai =(x (3 + - = 
1 


(x—4) 
=(x -—4)5+4+ - ——_ 
ce ) 1 a 

3x. = (x — 4)5 + 12 

3x = 5x — 20 + 12 

3x = 5x — 8 

—2x = -8 

x=4 
4 does not check as a solution. 
The equation has no solution. 


Solutions on p. S24 
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Objective B.To Solve proportions.......cccccccccccescssesessssssssssssssessscsssesessssseseisesesesvess ((25)) 


Quantities such as 4 meters, 15 seconds, and 8 gallons are number quantities 
written with units. In these examples, the units are meters, seconds, and gallons. 


A ratio is the quotient of two quantities that have the same unit. 


The length of a living room is 16 ft and the width is 12 ft. The ratio of the length 
to the width is written 


1etnR IS" 


Bo A ratio is in simplest form when the two numbers do not have 
125k; 


4 
& a common factor. Note that the units are not written. 
A rate is the quotient of two quantities that have different units. 


There are 2 lb of salt in 8 gal of water. The salt-to-water rate is 


Zao. LD 
8gal 4 gal 


A rate is in simplest form when the two numbers do not have a 
common factor. The units are written as part of the rate. 








A proportion is an equation that states the equality 30m 1S mi 








of two ratios or rates. Examples of proportions are 4h 2h 
shown at the right. rots 
Conte 
ees 
4 8 
=> Solve: + = 2 
x 9S 
Z = Z © The LCM of xand 3 is 3x. 
Xe ns 
4 2 < ; 3 
3x —) = 38 3 e Multiply each side of the proportion by 3x. 
x 
12 = 2x e Solve the equation. 
6=x 


The solution is 6. 


Example 3 


Solve: ca 


4 
Solution a 
iG 


8 4 
——— = x(x + 3)— 
x(x + Ns = Ae a 


3 
Sc — 40 +3) 
Se = 4x4 12 
4%= 12 
x=3 
The solution is 3. 





You Try It 3 


Solve: Boas 


Your solution 


Solution on p. S24 
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Objective C To solve problems involving similar triangles ............:0ccccccccscseesressees 


Similar objects have the same shape but not necessarily the same size. A tennis 
ball is similar to a basketball. A model ship is similar to an actual ship. 


Similar objects have corresponding parts; for example, the rudder on the model 
ship corresponds to the rudder on the actual ship. The relationship between the 
sizes of each of the corresponding parts can be written as a ratio, and each ratio 
will be the same. If the rudder on the model ship is 0 the size of the rudder on 
the actual ship, then the model wheelhouse is = the size of the actual wheel- 


house, the width of the model is = the width of the actual ship, and so on. 





The two triangles ABC and DEF EB 
shown at the right are similar. : 
Side AB corresponds to DE, side . ; 5 e : 
BC corresponds to EF, and side ew 
AC corresponds to DF. The height A ee K E 
CH corresponds to the height FK. eee ama rs 
The ratios of corresponding parts 
are equal. 
ADS A AGT Saas! BG ih 2 see ol q CH |. oa 
DE 8 2: DF 6 2’ BF 42° © “96 eee 


Since the ratios of corresponding parts are equal, three proportions can be 
formed using the sides of the triangles. 


AB EAC AB BG eg icuene 
DE DF BEGEF 4° > spe 
Three proportions can also be formed by using the sides and height of the 
triangles. 
Hipeiene® © AC Lieut =e” 2G 
DE FR. “enpinie — °S er a a 
=» Triangles ABC and F 
DEF at the right are 
similar. Find the S 
height of triangle (eee 
ABC. A Sin. HB D 12 in. G EB 
AB a CH ® Solve a proportion to find the 
DE FG height of triangle ABC. 
Pace 
12 3 
5 CH 
12 -—= 12 -—= 
12 iS 
5 = 4(CH) 
1.25 =CH 
The height of triangle ABC is 1.25 in. 
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~The corresponding angles in similar triangles are equal. Therefore, for the tri- 
angles in the last example, 
ZA=ZD, Lp = LE, 


and MOG oe 


It is also true that if the three angles of one triangle are equal respectively to the 
three angles of another triangle, then the two triangles are similar. 


A line DE is drawn parallel to the base AB 
in the triangle at the right. 2x = 2m and 
Zy = Zn because corresponding angles 
are equal. Angle C = angle C, and thus 
the three angles of triangle DEC are equal 


TAKE NOTE 


Vertical angles of intersecting 
lines, parallel lines, and angles 
of a triangle are discussed in 
the chapter entitled Geometry. 


Example 4 

In the figure at 
the right, AC is 
parallel to BD and 
angles C and D 
are right angles. 
Find the length 
of DO. 


Strategy 





respectively to the three angles of triangle 
ABC. The triangle DEC is similar to the 
triangle ABC. 


The sum of the three angles of a triangle is 180°. If two angles of one triangle are 
equal to two angles of another triangle, then the third angles must be equal. 
Thus we can say that if two angles of one triangle are equal to two angles 
of another triangle, then the two triangles are similar. This fact is used in Exam- 
ple 4. 


You Try It 4 

In the figure at 
the right, AB is 
parallel to DC and 
angles A and D 
are right angles. 
Find the area of 
triangle AOB. 


A 4-em) 1G 


L_| 
ae 3cm 


O 


Your strategy 


ZC = ZD because they are right angles. 

Zx = Zy because they are vertical angles. 
Therefore, triangle AOC is similar to triangle 
BOD because two angles of one triangle are 
equal to two angles of the other. Use a 
proportion to find the length of DO. 


Solution 


4 


AC _ 
DB 


7. 


CO 
DO 
3 
DO 


Your solution 


7(D0) = = 1D0)= 


4(DO) = 7(3) 
4(DO) = 21 
DO = 5.25 


The length of DO is 5.25 cm. 


Solution on p. S24 } 
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Objective D To solve application problems .........::::cccccsseccccccniescseesenennnesensennes (25) an? 


Example 5 

The monthly loan payment for a car is 
$28.35 for each $1000 borrowed. At this 
rate, find the monthly payment for a 
$6000 car loan. 


Strategy 

To find the monthly payment, write and 
solve a proportion, using P to represent 
the monthly car payment. 


Solution 
28.35) P 
1000 6000 
8.35 P 
6000 (4) = £000( 555) 
170.10 =P 


The monthly payment is $170.10. 


Example 6 

An investment of $500 earns $60 each 
year. At the same rate, how much 
additional money must be invested to 
earn $90 each year? 


Strategy 

To find the additional amount of money 
that must be invested, write and solve a 
proportion, using x to represent the 
additional money. Then 500 + «x is the 
total amount invested. 


Solution 
60 90 
500 500+x 
Bee sO 
25 500+x 





3 90 
P5(S00R eae ‘ 
( »(3) AL als + -| 


(500 + x)3 = 25(90) 
1500 + 3x = 2250 
3x = 750 
x = 250 
An additional $250 must be invested. 


You Try It 5 
Sixteen ceramic tiles are needed to tile an 


area of 9 ft?. At this rate, how many square 


feet can be tiled using 256 ceramic tiles? 


Your strategy 


Your solution 


You Try It 6 
Three ounces of a certain medication are 
required for a 150-pound adult. At the 


same rate, how many additional ounces of 


this medication are required for a 
200-pound adult? 


Your strategy 


Your solution 


Solutions on p. S24 


pana 


Ba Exarcnerae 
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ee one es a eee a eles e659) hee) 6 6) (6 61,8 6) oe © «1c. 4) 40 8 © © 6 © @ © @ © @ 0 «© «8 8 0 tt 8 8 et Oye 6 8 8 ee 








Objective A 
Solve. 
el 
Sa 6 eZ 2 
aye ly vy T 
SS 
4 Sor 9-6 
6 
7 =p 
Geil 
6 
10. =3 
® Ae 3% 
13. pee A 
x 
16. aes 
x 
2 3 
19. 








papas 


11. 


14. 


17. 


20. 


23: 


12 
Su 








Baa 4 





==) 
ex, 





























Te ee eel 
2785 had 6 
6 Si tpte gl Sox 2D 
; DP 3 12 y 
9 
9. ——— 
Xia) 
2 qu 225 
i 
15. eo 
y 
5 3 
ata, en 
—3 2 
41 Deas 1 
Dye IX 
Bie ome a5 eee 
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3 a x 4 G 8 
: + = a =3- 27, = 
oe G3, a= 3 a atest ; x+4 DN eee 
x 1 Qe 3 5 n 
28. = ——_ : = F = 
eaten eet) oe ata eal 20, B84 — 8 nwee2 
6 Ba 6 2K 8 2 
31. act = 32. — — x — = —— + 
eee kA ee t a ee ae ae ye vw : 





Objective B 
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ah ne eee 
Objective C 


Triangles ABC and DEF in Exercises 49 to 56 are similar. Round answers to the nearest tenth. 


49. Find side AC. 50. Find side DE. 


15 cm 5 a : 
an A 8 in. B D E 


A 4cm B 9 cm B 
51. Find the height of triangle ABC. 52. 
FF 


Cc 12m 
or 5m 
A Bae) 


53. Find the oo of triangle DEF. 54. Find the perimeter triangle ABC. 


Bee eh 


E 





A Afi B A 4m B 
55. Find the area of triangle ae 56. Find the area of triangle ABC. 
F 
| 
| 
| 
15cm 
| | 
18m fa plea 
12 cm D 22 D1cm Es 
57. Given BD || AE, BD measures 5 cm, 58. Given AC || DE, BD measures 8 m, 
AE measures 8 cm, and AC measures AD measures 12 m, and BE measures 
10 cm, find the length of BC. 6 m, find the length of BC. 
EG B 
D E 
B D 
A C 


456 


De. 


61. 


63. 


64. 


Chapter 8 / Rational Expressions 


Given DE ||AC, DE measures 6 in., AC 60. 
measures 10 in., and AB measures 15 in., 
find the length of DA. 
B 
D E 
A G 
Given MP and NQ intersect at O, NO 62. 


measures 24 cm, MN measures 10 cm, 
MP measures 39 cm, and QO measures 
12 cm, find the length of OP 

M 


The sun’s rays cast a shadow as shown in the diagram at 
the right. Find the height of the flagpole. Write the answer 


in terms of feet. 


Similar triangles can be used as an indirect way to measure 
inaccessible distances. The diagram at the right represents 
a river of width DC. The triangles AOB and DOC are similar. 
The distances AB, BO, and OC can be measured. Find the 


width of the river. ; 


Given MP and NQ intersect at O, NO meas 
ures 25 ft, MO measures 20 ft, and PO meas 
ures 8 ft, find the length of QO. 

Q 


P 
7 O 


Given MQ and NP intersect at O, NO meas- 
ures 12 m, MN measures 9 m, PQ measures 
3 m, and MQ measures 20 m, find the 
perimeter of triangle OPQ. 

M 


N ay 


Q 


| 
| 


io Zoo h | 
Le” 5a. 9 in. 
Za Pitt Ff 





+30 fe 4} 





65. The diagram at the right shows how surveyors laid out 


similar triangles along a ravine. Find the width, w, of the 


ravine. 
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66. 


67. 


68. 


69. 


70. 


ak: 


a2. 


73. 


74. 


Objective D Application Problems 


Simple syrup used in making some desserts requires 2 cups (c) of 


2 cae : 
sugar for every A of boiling water. At this rate, how many cups of 


sugar are required for 2 c boiling water? 





An exit poll survey showed that 4 out of every 7 voters cast a 
ballot in favor of an amendment to a city charter. At this rate, how 


many voters voted in favor of the amendment if 35,000 people 
voted? 


In a city of 25,000 homes, a survey was taken to determine the num- 
ber with cable television. Of the 300 homes surveyed, 210 had cable 
television. Estimate the number of homes in the city that have cable 
television. 


ie Ser Bs 
On a map, two cities are 25 in. apart. If g in. on the map represents 


25 mi, find the number of miles between the two cities. 





The lighting for some billboards is provided by using solar energy. If 
3 small solar energy panels can generate 10 W of power, how many 
panels are necessary to provide 600 W of power? 


A soft drink is made by mixing 4 parts carbonated water with every 
3 parts syrup. How many milliliters of water are in 280 ml of soft 
drink? 


An air conditioning specialist recommends 2 air vents for each 300 
ft? of floor space. At this rate, how many air vents are required for a 
21,000-square-foot office building? 





A laser printer is rated by the number of pages per minute it can print. 
An inexpensive laser printer can print 5 pages every 2 min. At this rate, 
how long would it take to print a document 45 pages long? 


As part of a conservation effort for a lake, 40 fish are caught, tagged, 
and then released. Later 80 fish are caught. Four of the 80 fish are 
found to have tags. Estimate the number of fish in the lake. 
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APPLYING THE CONCEPTS 
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To conserve energy and still allow for as much natural lighting 
as possible, an architect suggests that the ratio of the area of a 
window to the area of the total wall surface be 5 to 12. Using this 
ratio, determine the recommended area of a window to be in- 
stalled in a wall that measures 8 ft by 12 ft. 


The engine of a small rocket burns 170,000 lb of fuel in 1 min. At this 
rate, how many pounds of fuel does the rocket burn in 45 s? 


A company decides to accept a large shipment of 10,000 computer 
chips if there are 2 or fewer defects in a sample of 100 randomly cho- 
sen chips. Assuming that there are 300 defective chips in the shipment 
and that the rate of defective chips in the sample is the same as the rate 
in the shipment, will the shipment be accepted? 


The sales tax on a car that sold for $12,000 is $780. At this rate, how 
much higher is the sales tax on a car that sells for $13,500? 


A painter estimates that 5 gal of paint will cover 1200 ft? of wall 
space. At this rate, how many additional gallons will be necessary 
to cover 1680 ft?? 


Three people put their money together to buy lottery tickets. The first 
person put in $25, the second person put in $30, and the third person 
put in $35. One of their tickets was a winning ticket. If they won $4.5 
million, what was the first person's share of the winnings? 


No one belongs to both the Math Club and the Photography Club, but 
the two clubs join to hold a car wash. Ten members of the Math Club 
and 6 members of the Photography Club participate. The profits from 
the car wash are $120. If each club’s profits are proportional to the 
number of members participating, what share of the profits does the 
Math Club receive? 


A basketball player has made 5 out of every 6 foul shots attempted in 
one year of play. If 42 foul shots were missed that year, how many shots 
did the basketball player make? 


Explain the procedure for solving an equation that contains fractions. 
Include in your discussion how the LCM of the denominators is used to 
eliminate fractions in the equation. 
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Literal Equations 








Objective A_ To solve a literal equation for one of the variables.................0.0... {8 }) 
A literal equation is an equation that contains more than 2x + 3y = 6 
one variable. Examples of literal equations are shown at 4w — 2x +z=0 
the right. 
Formulas are used to express a rela- 1 We \el ai 
tionship among physical quantities. R, a RR (Physics) 


A formula is a literal equation that Sea a tad (Mathematica) 
states rules about measurements. i 
Examples of formulas are shown at fe ea Leb (Business) 
the right. 


The Addition and Multiplication Properties can be used to solve a literal equa- 
tion for one of the variables. The goal is to rewrite the equation so that the 
variable being solved for is alone on one side of the equation and all the other 
numbers and variables are on the other side. 


= Solve A = P(1i + 1) fori. 


The goal is to rewrite the equation so that i is on one side of the equation and 
all other variables are on the other side. 


A =P(1 +i) 

A=P+Pi e Use the Distributive Property to remove parentheses. 
eae ee Py * Subtract P from each side of the equation. 
A-P=Pi 
EM = He e Divide each side of the equation by P. 

Pr 1x 
Al? 
aoa 


Example 1 You Try It 1 
Solve s = a + (n — 1)d ford. Solve A = P + Prt forr. 


Solution Your solution 
S=abhin=—1)d 

s-a=a-at+(n-A)d 

goa =(n— ld 

Beets (fl) 

n- 1 i ll 

—— @ 


= ¢ 


a 





Solution on p. S25 i 
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Example 2 You Try It 2 
E Ate, 
Solve I = re for R. Solve s = ar for L. 
Solution Your solution 
E 
oe Raeer 
(REE (Reba) = 
RI+rl=E 
Rl Pl] P=] Eb S71 
RI = Foy 
Ll yee rr 
Fiera 
Eire 
Seay 
Example 3 You Try It 3 
Solve L. = a(1 + ct) for. Solves = a + (n — 1)d for n. 
Solution Your solution 
L=a(1 + ct) 
L=a + act 
Es ee are net 
1a = act 
Leg ack 
aie erat 
LG ) 
at aa ) 
Example 4 You Try It 4 | 
Solve St="6 =t7C for G Solve S=C +rC for C. | 
Solution Your solution | 
Sa Ose 1 | 
S=(1-nC | 
ae ) 
ie 6 Linn | 
: =C 
tei 


Solutions on p. S25 
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Objective A 


Solve the formula for the given variable. 








1 
Pea = 5 Oh: h (Geometry) 2) Pia 7 bie bys (Geometry) 
3: d=rtct (Physics) 4. E=I1R;R (Physics) 
Sry = RI 7 (Chemistry) 6. A=bh;h (Geometry) 
ie = 2+ 2W (Geometry) 8. F= =C +132; G . \@lemperature 
conversion) 
1 5 
9. A= 5h, + b,);b, (Geometry) 10 — of — 32);F (Temperature 
conversion) 
1 
co. VS 3 Ah h (Geometry) 129 PSR C-CO (Business) 
C= S ae 
13. R= ; a5 (Business) 14. P= i & R (Business) 
n 
Se A —P Prt: P (Business) 16. T=fm—gm;m _ (Engineering) 
17. A=Sw+t+w;w (Physics) 18. a—"S Sho (Mathematics) 


APPLYING THE CONCEPTS 


The surface area of a right circular cylinder is given by the formula S = 2mrh + 27r?, 
where r is the radius of the base, and h is the height of the cylinder. 


19. a. Solve the formula S = 2arh + 2ar? for h. 


b. Use your answer to part a to find the height of a right circular cylin- 
der when the surface area is 127 in’ and the radius is 1 in. 


c. Use your answer to part a to find the height of a right circular cylin- 
der when the surface area is 247 in? and the radius is 2 in. 





S=12n in? 
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When markup is based on selling price, the selling price of a product is given 
by the formula S = —, where C is the cost of the product, and r is the 


markup rate. 


20. a. Solve the formula S = oa for r. 


b. Use your answer to part a to find the markup rate on a tennis racket 
when the cost is $112 and the selling price is $140. 

c. Use your answer to part a to find the markup rate on a radio when 
the cost is $50.40 and the selling price is $72. 


Break-even analysis is a method used to determine the sales volume required 
for a company to break even, or experience neither a profit nor a loss on the 
sale of a product. The break-even point represents the number of units that 
must be made and sold for income from sales to equal the cost of the prod- 
F 
S-V’ 
where F is the fixed costs, S is the selling price per unit, and V is the variable 
costs per unit. 


uct. The break-even point can be calculated using the formula B = 





21. a. Solve the formula B = aa for S. 


b. Use your answer to part a to find the required selling price per desk 
for a company to break even. The fixed costs are $20,000, the vari- 
able costs per desk are $80, and the company plans to make and sell 
200 desks. 

c. Use your answer to part a to find the required selling price per cam- 
era for a company to break even. The fixed costs are $15,000, the 
variable costs per camera are $50, and the company plans to make 
and sell 600 cameras. 


Resistors are used to control the flow of current. The total resistance of two 
; : ee : 1 
resistors in a circuit can be given by the formula R = eae where R, and 
Reon 
R, are the two resistors in the circuit. Resistance is measured in ohms. 


22. a. Solve the formula R = — for R,. 
Rev eR: 
b. Use your answer to part a to find the resistance in R, if the resistance 
in R, is 30 ohms and the total resistance is 12 ohms. 
c. Ween your answer to part a to find the resistance in R, if the resis- 
tance in R, is 15 ohms and the total resistance is 6 pani 





Generator 
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Objective A 


POINT OF INTEREST 


The following problem was 
recorded in the Jiuzhang, a 
Chinese text that dates to the 
Han dynasty (about 200 s.c. 
to A.D. 200). “A reservoir has 


5 channels bringing water to it. 


The first can fill the 


Pee a 
reservoir in day, the 
second in 1 day, the third in 


1 
25 days, the fourth in 3 


days, and the fifth in 5 days. 
fall channels are open, how 
long does it take to fill the 
reservoir?” This problem is 
the earliest known work 
problem. The answer is 


15 
fi day. 


TAKE NOTE 


Use the information given in 
the problem to fill in the 
“Rate” and “Time” columns 
of the table. Fill in the “Part 
Completed” column by 
multiplying the two 
expressions you wrote in 
each row. 
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Work and Uniform Motion Problems 





TOSSOLVE WOT DIODIGINS «xcisccc.d hf iibbecvill elias cee Ava blac vecdd decsbadducerdeei C3) 


If a painter can paint a room in 4 h, then in 1 h the painter can paint } of the 
room. The painter's rate of work is | of the room each hour. The rate of work 
is the part of a task that is completed in one unit of time. 


A pipe can fill a tank in 30 min. This pipe can fill 5) of the tank in 1 min. The 
rate of work is ;; of the tank each minute. If a second pipe can fill the tank 
in x min, the rate of work for the second pipe is + of the tank each minute. 


In solving a work problem, the goal is to determine the time it takes to complete 
a task. The basic equation that is used to solve work problems is 


Rate of work X time worked = part of task completed 


For example, if a faucet can fill a sink in 6 min, then in 5 min the faucet can 
fill X 5 = 2 of the sink. In 5 min the faucet completes 2 of the task. 


=> A painter can paint a wall in 20 min. The painter’s apprentice can paint the 
same wall in 30 min. How long will it take them to paint the wall when they 
work together? 


Strategy for Solving a Work Problem 


1. For each person or machine, write a numerical or variable 
expression for the rate of work, the time worked, and the part of 
the task completed. The results can be recorded in a table. 





Unknown time to paint the wall working together: t 





2. Determine how the parts of the task completed are related. Use 
the fact that the sum of the parts of the task completed must 


equal 1; the complete task. 





a e The sum of the part of the task completed 
by the painter and the part of the task 
completed by the apprentice is 1. 


00( 5 ar <) = 60-1 e Multiply by the LCM of 20 and 30. 


202.30 

3t + 2t = 60 
5t = 60 
pal 


Working together, they will paint the wall in 12 min. 
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Example 1 

A small water pipe takes three times longer 
to fill a tank than does a large water pipe. 
With both pipes open, it takes 4 h to fill the 
tank. Find the time it would take the small 
pipe, working alone, to fill the tank. 


Strategy 
» Time for large pipe to fill the tank: ¢ 
Time for small pipe to fill the tank: 3¢ 


Fills tank 
in 3¢ hours 


Fills tank 
in ¢t hours 





Fills + of the 
tank in 4 hours 


Fills 2 of the 
tank in 4 hours 





» The sum of the parts of the task 
completed by each pipe must equal 1. 


Solution 
4 4 
ae aig at 
3($ 44) = 30-1 
aye t 
Are — 37 
NG = Sir 
Mee 
3 


16 
Sf 3 3| =f 
(28) 16 


The small pipe working alone takes 16 h to 
fill the tank. 





You Try It 1 

Two computer printers that work at the 
same rate are working together to print the 
payroll checks for a large corporation. After 
they work together for 2 h, one of the 
printers quits. The second requires 3 h more 
to complete the payroll checks. Find the 
time it would take one printer, working 
alone, to print the payroll. 


Your strategy 


Your solution 


Solution on p. S25 
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Objective. B"To solve uniform motion PORES to ei errr {26} ) 


TAKE NOTE 


Use the information given in 
the problem to fill in the 
“Distance” and “Rate” 
columns of the table. Fill in 
the “Time” column by 
dividing the two expressions 
you wrote in each row. 


A car that travels constantly in a straight line at 30 mph is in uniform motion. 


Uniform motion means that the speed or direction of an object does not 
change. 


The basic equation used to solve uniform motion problems is 
Distance = rate X time 


An alternative form of this equation can be written by solving the equation for 
time. 


Distance 


= time 
Rate 


This form of the equation is useful when the total time of travel for two objects 
or the time of travel between two points is known. 


=> The speed of a boat in still water is 20 mph. The boat traveled 75 mi down 


a river in the same amount of time it took to travel 45 mi up the river. Find 
the rate of the river’s current. 


Strategy for Solving a Uniform Motion Problem 


1. For each object, write a numerical or variable expression for the 


distance, rate, and time. The results can be recorded in a table. 





The unknown rate of the river's current: r 





2. Determine how the times traveled by each object are related. For 
example, it may be known that the times are equal, or the total 


time may be known. 








ees = ae ® The time down the river is 
20+r 20-41 equal to the time up the 
river. 
7 





QO 2051) = 20 +20 —y) = 


(20 — r)75 = (20 + r)45 
1500 — 75r = 900 + 45r 
—120r = —600 
r=5 


e Multiply by the LCM of 
the denominators. 


The rate of the river’s current is 5 mph. 


_ 
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Example 2 

A cyclist rode the first 20 mi of a trip ata 
constant rate. For the next 16 mi, the cyclist 
reduced the speed by 2 mph. The total time 
for the 36 mi was 4 h. Find the rate of the 
cyclist for each leg of the trip. 


Strategy 
» Rate for the first 20 mi: r 
Rate for the next 16 mi: r — 2 


Mi r-2 
= —— > 


16 mi 


- The total time for the trip was 4 h. 


Solution 
20 16 
—-+ 
r a) 


20 16 
aed J=ro-2)-4 
r a 


=4 


r(r — 2| 


(r = 2)20 + 16r = 47 — 87 
20r — 40 + 16r = 4r? — 8r 
36r — 40 = 4r? — 8r 


Solve the quadratic equation by factoring. 
0 = 4r* — 44r + 40 
0 = 4(r* — 11r + 10) 
0 = 4(r — 10)(r — 1) 
Ta=vle==s() 
r=1 


r= 10 =0 
r= 10 
The solution r = 1 mph is not possible, 


because the rate on the last 16 mi would 
then be —1 mph. 


10 mph was the rate for the first 20 mi. 
8 mph was the rate for the next 16 mi. 


You Try It 2 

The total time it took for a sailboat to sail 
back and forth across a lake 6 km wide was 
2 h. The rate sailing back was three times 
the rate sailing across. Find the rate sailing 
out across the lake. 


Your strategy 


Your solution 


Solution on p. S25 
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8.6 Exercises 
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Objective A Application Problems 


1. A park has two sprinklers that are used to fill a fountain. One sprinkler 
can fill the fountain in 3 h, whereas the second sprinkler can fill the 
fountain in 6 h. How long will it take to fill the fountain with both sprin- 
klers operating? 


2. One grocery clerk can stock a shelf in 20 min, whereas a second clerk 
requires 30 min to stock the same shelf. How long would it take to stock 
the shelf if the two clerks worked together? 


3. One person with a skiploader requires 12 h to remove a large quantity 
of earth. A second, larger skiploader can remove the same amount of 
earth in 4 h. How long would it take to remove the earth with both 
skiploaders working together? 


4. An experienced painter can paint a fence twice as fast as an inexperi- 
enced painter. Working together, the painters require 4 h to paint the 
fence. How long would it take the experienced painter working alone to 
paint the fence? 


5. One computer can solve a complex prime factorization problem in 75 h. 
A second computer can solve the same problem in 50 h. How long would 
it take both computers, working together, to solve the problem? 


6. Anew machine can make 10,000 aluminum cans three times as fast as 
an older machine. With both machines working, 10,000 cans can be 
made in 9 h. How long would it take the new machine, working alone, to 
make the 10,000 cans? 


7. Asmall air conditioner can cool a room 5° in 75 min. A larger air con- 
ditioner can cool the room 5° in 50 min. How long would it take to cool 
the room 5° with both air conditioners working? 


8. One printing press can print the first edition of a book in 55 min, 
whereas a second printing press requires 66 min to print the same num- 
ber of copies. How long would it take to print the first edition with both 
presses operating? 


9. Two oil pipelines can fill a small tank in 30 min. Using one of the 
pipelines would require 45 min to fill the tank. How long would it take 
the second pipeline alone to fill the tank? 
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10. Working together, two dock workers can load a crate in 6 min. One 
dock worker, working alone, can load the crate in 15 min. How long 
would it take the second dock worker, working alone, to load the crate? 


11. A mason can construct a retaining wall in 10 h. With the mason’s 
apprentice assisting, the task would take 6 h. How long would it take 
the apprentice working alone to construct the wall? 


12. A mechanic requires 2 h to repair a transmission, whereas an appren- 
tice requires 6 h to make the same repairs. The mechanic worked alone 
for 1 h and then stopped. How long will it take the apprentice, working 
alone, to complete the repairs? 


13. One computer technician can wire a modem in 4 h, whereas it takes 
6 h for a second technician to do the same job. After working alone for 
2h, the first technician quit. How long will it take the second tech- 
nician to complete the wiring? 


14. A wallpaper hanger requires 2 h to hang the wallpaper on one wall of a 
room. A second wallpaper hanger requires 4 h to hang the same amount 
of paper. The first wallpaper hanger worked alone for 1 h and then quit. 
How long will it take the second wallpaper hanger, working alone, to 
complete the wall? 


15. Two welders who work at the same rate are welding the girders of a 
building. After they work together for 10 h, one of the welders quits. 
The second welder requires 20 more hours to complete the welds. Find 
the time it would have taken one of the welders, working alone, to com- 
plete the welds. 


_ 16. A large and a small heating unit are being used to heat the water of a 

a pool. The larger unit, working alone; requires 8 h to heat the pool. After 
both units have been operating for 2 h, the larger unit is turned off. The 
small unit requires 9 h more to heat the pool. How long would it take 
the small unit, working alone, to heat the pool? 


Two machines that fill cereal boxes work at the same rate. After they 
work together for 7 h, one machine breaks down. The second machine 
requires 14 h more to finish filling the boxes. How long would it have 
taken one of the machines, working alone, to fill the boxes? 





18. A large and a small drain are opened to drain a pool. The large drain 
can empty the pool in 6 h. After both drains have been open for 1 h, the 
large drain becomes clogged and is closed. The smaller drain remains 
open and requires 9 h more to empty the pool. How long would it have 
taken the small drain, working alone, to empty the pool? 
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Objective B_ Application Problems 


19. Commuting from work to home, a lab technician traveled 10 miat 10 mi 20 mi 
a constant rate through congested traffic. On reaching the express- i r +20 
way, the technician increased the speed by 20 mph. An additional 
20 mi was traveled at the increased speed. The total time for the 
trip was 1 h. Find the rate of travel through the congested traffic. 





20. The president of a company traveled 1800 mi by jet and 300 mi ona 
prop plane. The rate of the jet was four times the rate of the prop plane. 
The entire trip took a total of 5 h. Find the rate of the jet plane. 


21. As part of a conditioning program, a jogger ran 8 mi in the same 8 mi A 
time a cyclist rode 20 mi. The rate of the cyclist was 12 mph faster r 
than the rate of the jogger. Find the rate of the jogger and that of 20 mi & 
WJ 


the cyclist. care 


22. An express train travels 600 mi in the same amount of time it takes a 
freight train to travel 360 mi. The rate of the express train is 20 mph 
faster than that of the freight train. Find the rate of each train. 


23. Toassess the damage done by a fire, a forest ranger traveled 1080 mi by 
jet and then an additional 180 mi by helicopter. The rate of the jet was 
4 times the rate of the helicopter. The entire trip took a total of 5 h. Find 
the rate of the jet. 


24. A twin-engine plane can fly 800 mi in the same time that it takes a 
single-engine plane to fly 600 mi. The rate of the twin-engine plane is 
50 mph faster than that of the single-engine plane. Find the rate of the 
twin-engine plane. 


25. The rate of a motorcycle is 36 mph faster than the rate of a bicycle. The 
motorcycle travels 192 mi in the same amount of time as the bicycle 
travels 48 mi. Find the rate of the motorcycle. 


26. Acar anda bus leave a town at 1 p.M. and head for a town 300 mi away. 
The rate of the car is twice the rate of the bus. The car arrives 5 h ahead 
of the bus. Find the rate of the car. 


27. Acar is traveling at a rate that is 36 mph faster than the rate of a cy- 384 mi 
clist. The car travels 384 mi in the same time it takes the cyclist to r+ 36 
travel 96 mi. Find the rate of the car. 96 mi 

am 


r 
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A backpacker hiking into a wilderness area walked 9 mi at a constant 
rate and then reduced this rate by 1 mph. Another 4 mi was hiked at 
this reduced rate. The time required to hike the 4 mi was 1 h less than 
the time required to walk the 9 mi. Find the rate at which the hiker 
walked the first 9 mi. 


A plane can fly 180 mph in calm air. Flying with the wind, the plane can 
fly 600 mi in the same amount of time it takes to fly 480 mi against the 
wind. Find the rate of the wind. 


A commercial jet can fly 550 mph in calm air. Traveling with the jet 
stream, the plane flew 2400 mi in the same amount of time it takes to 
fly 2000 mi against the jet stream. Find the rate of the jet stream. 


A cruise ship can sail at 28 mph in calm water. Sailing with the gulf 
current, the ship can sail 170 mi in the same amount of time that it can 
sail 110 mi against the gulf current. Find the rate of the gulf current. 


Rowing with the current of a river, a rowing team can row 25 mi in 
the same amount of time it takes to row 15 mi against the current. The 
rate of the rowing team in calm water is 20 mph. Find the rate of the 
current. 


On a recent trip, a trucker traveled 330 mi at a constant rate. Because 
of road construction, the trucker then had to reduce the speed by 25 
mph. An additional 30 mi was traveled at the reduced rate. The total 
time for the entire trip was 7 h. Find the rate of the trucker for the first 
330 mi. 


APPLYING THE CONCEPTS 


34. 


85. 


36. 


Sie 


One pipe can fill a tank in 2 h, a second pipe can fill the tank in 4 h, and 
a third pipe can fill the tank in 5 h. How long will it take to fill the tank 
with all three pipes working? 


A mason can construct a retaining wall in 10 h. The mason’s more- 
experienced apprentice can do the same job in 15 h. How long would it 
take the mason’s less-experienced apprentice to do the job if, working 
together, all three can complete the job in 5 h? 


A surveyor traveled 32 mi by canoe and then hiked 4 mi. The rate of 
speed by boat was four times the rate on foot. If the time spent walking 
was | h less than the time spent canoeing, find the amount of time 
spent traveling by canoe. 


Because of bad weather, a bus driver reduced the usual speed along a 
150-mile bus route by 10 mph. The bus arrived only 30 min later than 
its usual arrival time. How fast does the bus usually travel? 





2400 mi 
= : Ss 
550 +47 
2000 mi 
550 
== ae 
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Direct variation is a special function that can be expressed as the equation 
y = kx, where k is a constant. The equation y = kx is read “y varies directly as 
x” or “y is proportional to x.” The constant k is called the constant of variation 
or the constant of proportionality. 


The circumference (C) of a circle varies directly as the diameter (d). The direct 
variation equation is written C = wd. The constant of variation is 7. 


A nurse makes $20 per hour. The total wage (w) of the nurse is directly pro- 
portional to the number of hours (4) worked. The equation of variation is 
w = 20h. The constant of proportionality is 20. 


A direct variation equation can be written in the form y = kx", where n is a 
positive number. For example, the equation y = kx? is read “y varies directly 
as the square of x.” 


The area (A) of a circle varies directly as the square of the radius (r) of the circle. 
The direct variation equation is A = wr’. The constant of variation is 7. 


=> Given that V varies directly as r and that V = 20 when r = 4, find the constant 
of variation and the equation of variation. 
V=kr e Write the basic direct variation equation. 
20=k-4 ® Replace Vand rby the given values. Then solve for k. 
5=k @ This is the constant of variation. 


V=5r ° Write the direct variation equation by substituting the value of k 
into the basic direct variation equation. 


=> The tension (7) in a spring varies directly as the distance (x) it is stretched. 
If T = 8 lb when x = 2 in., find T when x = 4 in. 


T = kx e Write the basic direct variation equation. 
Si keT2 e Replace 7 and x by the given values. 
4=k © Solve for the constant of variation. 

T = 4x e Write the direct variation equation. 


T=4x=4:4= 16 © To find Twhen x = 4, substitute 
4 for x in the equation and solve for T. 


The tension is 16 lb. 
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al 


Inverse variation is a function that can be expressed as the equation y = 


. k . . . ” “ 
where k is a constant. The equation y = ~ is read “y varies inversely as x” or “y 


, 


z 


is inversely proportional to x.” 


: f : k ‘ 
In general, an inverse variation equation can be written y = ” where n is a 
: k, rs hee 
positive number. For example, the equation y = % is read “y varies inversely as 


the square of x.” 


= Given that P varies inversely as the square of x and that P = 5 when x = 2, 
find the variation constant and the equation of variation. 


P= is e Write the basic inverse variation equation. 
48 
k ; 

5= 52 « Replace Pand x by the given values. Then solve for k. 

we 
4 
20k ® This is the constant of variation. 

20 


= © Write the inverse variation equation by substituting the 
value of k into the basic inverse variation equation. 


3 
tN 


= The length (Z) of a rectangle with fixed area is inversely proportional to the 
width (W). If L = 6 ft when W = 2 ft, find L when W = 3 ft. 


k 
L= WwW e Write the basic inverse variation equation. 
k : 
6= > * Replace / and W by the given values. 
12Z=k ® Solve for the constant of variation. 
12 
L= Ww e Write the inverse variation equation. 
L2eeD 
L= Ww ie 4 ° To find L when W = 3 ft, substitute 3 


for Win the equation and solve for L. 


The length is 4 ft. 


. 
) 
Joint variation is a variation in which a variable varies directly as the prod- 
uct of two or more other variables. A joint variation can be expressed as the 
equation z = kxy, where k is a constant. The equation z = kxy is read “z varies” 
jointly as x and y.” 


The area (A) of a triangle varies jointly as the base (b) and the height (h). The 


joint variation equation is written A = xbh. The constant of variation is > 


A combined variation is a variation in which two or more types of variation 

occur at the same time. For example, in physics, the volume (V) of a gas varies 

directly as the temperature (7) and inversely as the pressure (P). This combined 
kT 


variation is written V = a 





Ze 
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=> A ball is being twirled on the end of a string. The tension (7) in the string is 


directly proportional to the square of the speed (v) of the ball and inversely 
proportional to the length (r) of the string. The tension is 96 lb when the 
length of the string is 0.5 ft and the speed is 4 ft/s. Find the tension when 
the length of the string is 1 ft and the speed is 5 ft/s. 








ky? 
T= a e Write the basic combined variation equation. 
k + 4 . 
96 = 05 ® Replace T, v, and rby the given values. 
wae Ko 16 
oo = 
0.5 
96 =k- 32 ¢ Solve for the contant of variation. 
3=k 
3V? 
T= a ¢ Write the combined variation equation. 
Bi tS: 
P= - =3-25=75 ° To find Twhen r= 1 ft and v= 5 ft/s, 


The tension is 75 lb. 


Example 1 

The amount (A) of medication prescribed 
for a person is directly related to the 
person’s weight (W). For a 50-kilogram 
person, 2 ml of medication are prescribed. 
How many milliliters of medication are 
required for a person who weighs 75 kg? 


Strategy 
To find the required amount of medication: 


Write the basic direct variation 
equation, replace the variables by the 
given values, and solve for k. 

Write the direct variation equation, 
replacing k by its value. Substitute 75 
for W and solve for A. 


Solution 
A= kw 
2=k-50 


i 
35 ~* 


ee 
A= 5.W = oe 75 = 3 


The required amount of medication is 
3 ml. 





substitute 1 for rand 5 for vand solve for T. 


You Try It 1 

The distance (s) a body falls from rest 
varies directly as the square of the time (f) 
of the fall. An object falls 64 ft in 2 s. How 
far will it fall in 5 s? 


Your strategy 


Your solution 


Solution on p. S25 | 
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Example 2 

A company that produces personal 
computers has determined that the 
number of computers it can sell (s) is 
inversely proportional to the price (P) of 
the computer. Two thousand computers 
can be sold when the price is $2500. How 
many computers can be sold when the 
price of a computer is $2000? 


Strategy 
To find the number of computers: 


Write the basic inverse variation 
equation, replace the variables by the 
given values, and solve for k. 

Write the inverse variation equation, 
replacing k by its value. Substitute 
2000 for P and solve for s. 


: _k 
Solution s = P 
k 


2000 = 3500 


5,000,000 = k 
_ 5,000,000 _ 5,000,000 


P2000 ~ 7200 


At $2000 each, 2500 computers can be sold. 


Example 3 

The pressure (P) of a gas varies directly 
as the temperature (7) and inversely as 
the volume (V). When T = 50° and 

V = 275 in?, P = 20 lb/in2. Find the 
pressure of a gas when T = 60° and 

V = 250 in’. 


Strategy 

To find the pressure: 
Write the basic combined variation 
equation, replace the variables by the 
given values, and solve for k. 
Write the combined variation equation, 
replacing k by its value. Substitute 60 
for T and 250 for V, and solve for P 

kT 


Lei 


_k-50 
20 = 275 
O-=k 

_ 1107 _ 110-60 
Be Vet 50 


The pressure is 26.4 Ib/in2. 


Solution 


= 26.4 





You Try It 2 

The resistance (R) to the flow of electric 
current in a wire of fixed length is 
inversely proportional to the square of the 
diameter (d) of a wire. If a wire of 
diameter 0.01 cm has a resistance of 

0.5 ohm, what is the resistance in a wire 
that is 0.02 cm in diameter? 


Your strategy 


Your solution 





You Try It 3 

The strength (s) of a rectangular beam 
varies jointly as its width (w) and the 
square of its depth (d) and inversely as its 
length (Z). If the strength of a beam 2 in. 
wide, 12 in. deep, and 12 ft long is 1200 lb, 
find the strength of a beam that is 4 in. 
wide, 8 in. deep, and 16 ft long. 





Your strategy 


Your solution 


Solutions on p. S26 
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8.7 Exercises 


eo 8 
ci ahh Meena oie (ie oem SHEA Ale e Meelis hic asi acy eh 6 Leuldiie. 6.4.6) 16) v¢, 0.6% 16 0, 50; <4: 0, Vd) 0..fe 0.0 Meee. 6. 0,0. 6. e186 e+e © @ 


Objective A Application Problems 


1. The profit (P) realized by a company varies directly as the number of 
products it sells (s). If a company makes a profit of $4000 on the sale of 
250 products, what is the profit when the company sells 5000 products? 


2. The income (/) of a computer analyst varies directly as the number of 
hours (2) worked. If the analyst earns $256 for working 8 h, how much 
will the analyst earn by working 36 h? 


3. The pressure (p) on a diver in the water varies directly as the depth (d). 
If the pressure is 4.5 lb/in? when the depth is 10 ft, what is the pressure 
when the depth is 15 ft? 


4. The distance (d) a spring will stretch varies directly as the force (f) 
applied to the spring. If a force of 6 lb is required to stretch a spring 
3 in., what force is required to stretch the spring 4 in.? 


5. The distance (d) an object will fall is directly proportional to the square 
of the time (¢) of the fall. If an object falls 144 ft in 3 s, how far will the 
object fall in 10 s? 


6. The period (p) of a pendulum, or the time it takes the pendulum to 
make one complete swing, varies directly as the square root of the 
length (L) of the pendulum. If the period of a pendulum is 1.5 s when 
the length is 2 ft, find the period when the length is 5 ft. Round to the 
nearest hundredth. 


7. The distance (s) a ball will roll down an inclined plane is directly pro- 
portional to the square of the time (¢). If the ball rolls 6 ft in 1 s, how 
far will it roll in 3 s? 


8. The stopping distance (s) of a car varies directly as the square of its 
speed (v). If a car traveling 30 mph requires 63 ft to stop, find the stop- 
ping distance for a car traveling 55 mph. 


9. The length (ZL) of a rectangle of fixed area varies inversely as the width 
(w). If the length of a rectangle is 8 ft when the width is 5 ft, find the 
length of the rectangle when the width is 4 ft. 
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10. The time (t) for a car to travel between two cities is inversely propor- 
tional to the rate (r) of travel. If it takes 5 h to travel between the cities 
at a rate of 55 mph, find the time to travel between the two cities at a 
rate of 65 mph. Round to the nearest tenth. 


11. The speed (v) of a gear varies inversely as the number of teeth (¢). Ifa 
gear that has 45 teeth makes 24 revolutions per minute, how many revo- 
lutions per minute will a gear that has 36 teeth make? 


12. The pressure (p) in a liquid varies directly as the product of the depth 
(d) and the density (D) of the liquid. If the pressure is 150 lb/in? when 
the depth is 100 in. and the density is 1.2, find the pressure when the 
density remains the same and the depth is 75 in. 


The current (/) in a wire varies directly as the voltage (V) and inversely 
as the resistance (R). If the current is 10 amps when the voltage is 
110 volts and the resistance is 11 ohms, find the current when the volt- 
age is 180 volts and the resistance is 24 ohms. 


The repulsive force (f) between the north poles of two magnets is 
inversely proportional to the square of the distance (d) between them. 
If the repulsive force is 20 lb when the distance is 4 in., find the repul- 
sive force when the distance is 2 in. 


The intensity (/) of a light source is inversely proportional to the square 
of the distance (d) from the source. If the intensity is 12 foot-candles at 
a distance of 10 ft, what is the intensity when the distance is 5 ft? 





APPLYING THE CONCEPTS 





16. In the inverse variation equation y = x what is the effect on x if y 
doubles? 


In the direct variation equation y = kx, what is the effect on y when x 
doubles? 















Complete using the word directly or inversely. 


18. Ifa varies directly as b and inversely as c, then c varies 


as b and as a. 
If a varies as b andc, then abc is constant. 


If the length of a rectangle is held constant, the area of the rectangle 
varies as the width. 


If the area of a rectangle is held constant, the length of the rectangle 
varies as the width. 
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~| Focus on Problem Solving 


Find a Pattern 


POINT OF INTEREST 


Karl Friedrich Gauss 
(1777-1855) has been called the 
“Prince of Mathematicians” by 
some historians. He applied his 
genius to many areas of 
mathematics and science. A 
unit of magnetism, the gauss, is 
named in his honor. Some 
electronic equipment 
(televisions, for instance) 
contain a degausser that 
controls magnetic fields. 


. ‘ws 

ts, 2 regions 3 points, 4 regions 
4 . 

ts, 8 regions 5 points, ? regions 


Wo 


6 
5 


WV 


Polya’s four recommended problem-solving steps are stated below. 


1. Understand the problem. 3. Carry out the plan. 


2. Devise a plan. 4. Review your solution. 


One of the several ways of devising a plan is first to try to find a pattern. Karl 
Friedrich Gauss supposedly used this method to solve a problem that was given 
to his math class when he was in elementary school. As the story goes, his 
teacher wanted to grade some papers while the class worked on a math problem. 
The problem given to the class was to find the sum 


1+2+3+4+---+100 


Gauss quickly solved the problem by seeing a pattern. Here is what he saw. 


101 
i01 Note that 
101 1 + 100 = 101 
a 3+ 98 = 101 
14+24+3+44+---4+97+4+98 + 99 + 100 4+97= 101 


Gauss noted that there were 50 sums of 101. Therefore, the sum of the first 100 
natural numbers is 


Pez es +4 +: + 97 + 98499 - 100 = 50001) = 5050 
Try to solve the following problems by finding a pattern. 


1. Find thesum 2+ 4+6+---+ 96+ 98 + 100. 
2. Find the sum 1+3+5+--++ 97+ 99 + 101. 
3. Find another method of finding the sum 1 + 3 +5+---+97+ 99+ 101 


given in the previous exercise. 


; 1 1 1 
4, Piniditiestmty 5h 5 sot aah oe 


1 

ee De 8 

5. The following problem shows that checking a few cases does not always 
result in a conjecture that is true for all cases. Select any two points on a cir- 
cle and draw a chord (see the drawing in the left margin), the line connecting 
the points. The chord divides the circle into 2 regions. Now select 3 different 
points and draw chords connecting each of the three points with every other 
point. The chords divide the circle into 4 regions. Now select 4 points and 
connect each of the points with every other point. Make a conjecture about 
the relationship between the number of regions and the number of points on 
the circle. Does your conjecture work for 5 points? 6 points? 


: it aes 1 Bene: 
Hint: > = Beara ts 


6. A polygonal number is a number that can be represented by arranging that 
number of dots in rows to form a geometric figure such as a triangle, square, 
pentagon, or hexagon. For instance, the first four triangular numbers, 3, 6, 
10, and 15, are given (and shown) below. What are the next two triangular 
numbers? 


s $6 

= Ss ®8 ses 
2 &¢ €¢ 6 $@¢s 
& 6 e$¢es $e66 Sseess 
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| Projects and Group Activities 


Continued Fractions The following complex fraction is called a continued fraction. 


1 
Per 


i 
Pep 
re 


1 
het Soe 





The dots indicate that the pattern continues to repeat forever. 


A convergent for a continued fraction is an approximation of the repeated pat- 
tern. For instance, 
1 ik 1 
Co 1 eS = ee 
ee Ses 








fr 1 
1 
tad 





1. Calculate c, for the continued fraction above. 


This particular continued fraction is related to the golden rectangle, which has 
been used in architectural designs as diverse as the Parthenon in Athens, built 
around 440 B.c., and the United Nations building. A golden rectangle is one 
for which 


length _ length + width 
width length 


An example of a golden rectangle is 
shown at the right. 


Here is another continued fraction that was discovered by Leonhard Euler 
(1707-1793). Calculating the convergents of this continued fraction yields 
approximations that are closer and closer to 7. 








2 
T= 3 + : 3 
3 
Geis 52 
ere 7 
Ge a 
12 
2. Calculate c, = 3 + 32 
6+ 5 
5 
ar 
72 
OF rp 


6 +—. 
6+ 112 
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Graphing RationalThe domain of a function is the set of the first coordinates of all the ordered 


Functions 








The domain is 
{x|x # -1, x # 4}. 





The domain is 


{x|x € real numbers}. 


Graphing Variation 
Equations 


pairs of the function. When a function is given by an equation, the domain of the 
function is all real numbers for which the function evaluates to a real number. 
For rational functions, we must exclude from the domain all those values of the 
variable for which the denominator of the rational function is zero. The graph- 
ing calculator is a useful tool to show the graphs of functions with excluded val- 
ues in the domain of the function. 


The graph of the function f(x) = Sate is shown at the left. Note that the 


graph never intersects the lines x = — 1 and x = 4 (shown as dashed lines). These 
are the two values excluded from the domain of f. The graph of the function f 
gets closer to the dashed line x = 4 as x gets closer to 4. The graph of the func- 
tion f also gets closer to x = —1 as x gets closer to —1. The lines that are “ap- 
proached” by the function are called asymptotes. 


j Z 
The graph of the function f(x) = — = ; 
exclude values of x for which x? + 1 = 0. It is not possible that x? + 1 = 0, 
because x? = 0, and a positive number added to a number equal to or greater 
than zero cannot equal zero. Therefore, there are no real numbers that must be 
excluded from the domain of f. 


is shown at the left. The domain must 


Use a graphing calculator to find the domain of the rational function. 














Sue = LK fy ee 
Te, DET) = aaa 3140) =o mapa 
3-4 #413 cecal 
SO e — 6. = 
el) ar rer RT 5. HO) =—5 5 BO) ae 


1. Graph y = kx when k = 2. 
What kind of function does the graph represent? 


2. Graph y = kx when k = > 
What kind of function does the graph represent? 


3. Graph y = “ when k = 2 andx > 0. 
Is this the graph of a function? 


a 
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Key Words 


Essential Rules 


| Chapter Summary 


A rational expression is a fraction in which the numerator and denominator are 
polynomials. A rational expression is in simplest form when the numerator and 
denominator have no common factors. 


The least common multiple (LCM) of two or more polynomials is the simplest 
polynomial that contains the factors of each polynomial. 


The reciprocal of a rational expression is the rational expression with the numer- 
ator and denominator interchanged. 


A complex fraction is a fraction whose numerator or denominator contains one 
or more fractions. 


A ratio is the quotient of two quantities that have the same unit. 

A rate is the quotient of two quantities that have different units. 

A proportion is an equation that states the equality of two ratios or rates. 
A literal equation is an equation that contains more than one variable. 


Direct variation is a special function that can be expressed as the equation 
y = kx, where k is a constant called the constant of variation or the constant of 
proportionality. 

ast ‘ : : k 
Inverse variation is a function that can be expressed as the equation y = . 


where k is a constant. 


Joint variation is a variation in which a variable varies directly as the product of 
two or more variables. A joint variation can be expressed as the equation z = kxy, 
where k is a constant. 


Combined variation is a variation in which two or more types of variation occur 
at the same time. 








To Multiply Fractio Dip Cte 
ply Fractions aes 

To Divide Fractions a.c_ad_ad 
be tad Pb ec Thc 

To Addiriaction= ab _atb 
G E G 

To Subtract Fractions a_b SeSy 
G G E 


Rate of time _ part of task 


Equation for Work Problems = 
work © worked completed 


Uniform Motion Equation Distance = rate X time 
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eee 6a*b’ 12a*b* 
1. D : + 
ivide 2549 Sx*yt 

















Le Sie 
. : 5 Ss 2 
3. Simplify: ; 
Meee, - 80 
Bee) 
: ee 16x°y? 
Se Simplify: 24xy"° 
Fie 3 ay. he Ly +10 
7. Divide: 6y>-y—5 — 18y? + 3y — 10 
1 
a 
9. Simplify: 
enka’ 





11. Solve T = 2(ab + be + ca) fora. 


13. Solvei = “ee forc 


a: 20x? — 45x . 40x? — 90x? 
15. Divides oa DCL OnE 


10. 


b2. 


14. 


16. 


Rea Te ee 2 
Add: 15x ay 20x 








x? +x — 30 
15 + 2x — x? 


Simplify: 





20 
Katee, wl 


Bab? 5xy* 
15x*y 16a*b 








Multiply: 


Write each fraction in terms of the LCM of 
the denominators. 


SAS EN ON £4 GATE 
12x? + 16x — 3’ 6x* + 7x — 3 











5 x x 
SOWwey ns, 2 
Gates 5 
Solaire gan ev! arta 
eee. 3 
Add: 57 duce By 
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Sx +3 3x +4 2 — d 
Rag Se 18. Find the LCM of 10x tik +3 an 
Subtract! 7a 55-3 ts BESS 02 47a. 
1, 24x? — 94x +15 24x? + Tx — 5 
Solve 4x + 9y = 18 fory. 20. Multiply: 5 —gox +15 4-274 + 18x? 
20 17x Ra 1 ea 2 Se te = 
SOSA wees ey ee Zar PC Fey eae Re eG 
e : 24. Solve: > == 
SON Ces = soe OO eT on 
Triangles ABC and DEF are similar. Find E 
the perimeter of triangle ABC. B 
10 in. : om 9 in. 
3 wes 12 in. é 
One hose can fill a pool in 15 h. The second hose can fill the pool in 10 h. 
How long would it take to fill the pool using both hoses? 
A car travels 315 mi in the same amount of time that a bus travels 245 mi. 
The rate of the car is 10 mph faster than that of the bus. Find the rate of 
the car. 
The rate of a jet is 400 mph in calm air. Traveling with the wind, the jet can 
fly 2100 mi in the same amount of time it takes to fly 1900 mi against the 
wind. Find the rate of the wind. 
A pitcher's earned run average (ERA) is the average number of runs allowed 
in 9 innings of pitching. If a pitcher allows 15 runs in 100 innings, find the 
pitcher’s ERA. 
The current (/) in an electric circuit varies inversely as the resistance CRE 


the current in the circuit is 4 amps when the resistance is 50 ohms, find the 
current in the circuit when the resistance is 100 ohms. 





Chapter Test — 


ereeieeere et 


16x°y 
24x’y* 





Simplify: 


% xy x? HE 2 
Multiply: Da ay 


ean 2 x-x-6 


Divide: send 6 x + 2x — 15 


Write each fraction in terms of the LCM of 
the denominators. 
3 x 


x? — 2x’ x* — 4 





2 3 
Subtract: Amie = aed 
1 12 
Pr Se 
Simplify: ek 
is 
fe 
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2 = 
2. Simplify: “= 


x 


eee 82 = Ng 5 


4. Multiply: e+ 6x +9 2x? + 3x —5 


6. Find the LCM of 6x — 3 and 2x2 + x — 1. 


DK 4 


8. Subtract: 5747-70 ~ Fa ae 10 


oe ip = 5 
x+3 x +x-6 


10. Subtract: 





12; Solve: ° —2=1 
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19. 
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2x = : ease 
SCE ser is ee ra 14, Solver = as 
Triangles ABC and DEF are similar. Find the 16. Solved =s +rt fort. 


area of triangle DEF. 


E 
B 

5m te 

aan D F 


An interior designer uses 2 rolls of wallpaper for every 45 ft? of wall 
space in an office. At this rate, how many rolls of wallpaper are needed 
for an office that has 315 ft? of wall space? 


One landscaper can till the soil for a lawn in 30 min, whereas it takes a 
second landscaper 15 min to do the same job. How long would it take to 
till the soil for the lawn with both landscapers working together? 


A cyclist travels 20 mi in the same amount of time as it takes a hiker to 
walk 6 mi. The rate of the cyclist is 7 mph faster than the rate of the hiker. 
Find the rate of the cyclist. 


The electrical resistance (r) of a cable varies directly as its length (/) and 
inversely as the square of its diameter (d). If a cable 16,000 ft long and 


ieee : : : 
, in. in diameter has a resistance of 3.2 ohms, what is the resistance of a 


cable that is 8000 ft long and ; in. in diameter? 








Cumulative Review 


ee 
° 


2 


Simplify: (2) (3 = 4 a ; 
SUM lhys 724) (=i) a Xe 


2 
Solve: 4 — ao 7 


2 
Find 165% of 60. 


Find the volume of the rectangular solid 
shown in the figure. 


4 ft 


10 ft 
5 ft 


Given P(x) = =—s, find P(—2). 


Evaluate the determinant: 


62) 

aS 

: mpeg)” 
Simplify: Gat 


Multiply: (2a? — 3a + 1)(—2a’) 


10. 


12. 


14. 


16. 


18. 
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Evaluate —a* + (a — b)* when a = —2 and 


b = 3. 


Simplity:2[3%— /@— 3) — 8] 


Solver six: = 2 = 3) = 2G-= 2%) 


Solve: x — 30 — 2x) = 1-46 — 2x) 


Graph: x — 2y = 2 





Find the equation of the line that contains 
the point (—2, —1) and is parallel to the line 
3x — )y = 6, 


Multiply: (a2b>)(ab?) 


Write 0.000000035 in scientific notation. 


Multiply: (a — 3b)(a + 4b) 
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Divide: («3 — 8) + (&« — 2) 


Factor: 12x? — x — 1 


Factor: 4b? — 100 





3 : 12x*y? 
Simplify: 1Bxy" 
ons x—x-—56 . x* — 13x + 40 
Divide: aaa 7 "x? — 44 —5 
2 15 
See 
Simplify: 
25 
Sees 
x 


20. 


22. 


24. 


26. 


28. 


30. 


actor Ve o0/0) tha 


Factor: 2a? + 7a* — 15a 


Solve: @ + 3)2x% — 5) =0 


: : x? — 7x + 10 
Simplify: 5 ae 


1 
2a er 








Subtract: 


10 
ae 





Selie = == = 
Ka eS 


A silversmith mixes 60 g of an alloy that is 40% silver with 120 g of another 
silver alloy. The resulting alloy is 60% silver. Find the percent of silver in the 


120 g of alloy. 


A life insurance policy costs $16 for every $1000 of coverage. At this rate, 


how much money would a policy of $5000 cost? 


One water pipe can fill a tank in 9 min, whereas a second pipe requires 18 
min to fill the tank. How long would it take both pipes, working together, 


to fill the tank? 

















Meteorologists use data such as air pressure, temperature, 
humidity, and wind velocity to predict the weather. Today 
meteorologists are aided by computers and weather 
satellites. For example, weather satellites can measure the 
diameter of a storm. Then a meteorologist can use the 


r d\3/2 : a: , 

formula t = (2) , where dis the diameter of a storm in 

miles, to approximate tf, the duration of the storm in hours. 
3/2 

The expression (3) is an exponential expression with 


a rational exponent. 


Rational Exponents 
and Radicals 





Objectives 


Section 9.1 
To simplify expressions with rational exponents 


To write exponential expressions as radical 
expressions and to write radical expressions as 
exponential expressions 


To simplify radical expressions that are roots of 
perfect powers 


Section 9.2 

To simplify radical expressions 

To add or subtract radical expressions 
To multiply radical expressions 

To divide radical expressions 


Section 9.3 

To simplify a complex number 

To add or subtract complex numbers 
To multiply complex numbers 

To divide complex numbers 


Section 9.4 
To solve a radical equation 
To solve application problems 


€ cl lassic eons 
golden rec ngl in n Greek architecture. 
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9 1 Rational Exponents and 
-@.1 Radical Expressions 









bs 


i 








Saccancenl 
Objective A To simplify expressions with rational exponents............ 
POINT OF INTEREST In this section, the definition of an exponent is extended beyond integers so that 
; any rational number can be used as an exponent. The definition is expressed in 
Nicolas Chuquet (c. 1475), a : 
Bc) p) yeicion irate an such a way that the Rules of Exponents hold true for rational exponents. 


algebra text in which he used a 


notation for expressions with . ; mg ieee : , 
Be esac exponents Hewrete Consider the expression (a!")" for a > 0 and n a positive integer. Now simplify, 


R26 to mean 6" and F215 to assuming that the Rule for Simplifying Powers of Exponential Expressions is 
mean 15". This was an true. 

improvement over earlier 

notations that used words for 1 

these expressions. (ail teas =)! =a 


Because (a'/”)” = a, the number a!” is the number whose nth power is a. 
If a > 0 and n is a positive number, then a!" is called the nth root of a. 
25.2. because (5)? = 25. 813 2 because.(2)> ="8: 


In the expression a!”, if a is a negative number and v is a positive even integer, 
then a!” is not a real number. 


(—4)!2 is not a real number, because there is no real number whose second 
power is —4. 


When n is a positive odd integer, a can be a positive or a negative number. 
(—27)"3 = —3 because (—3)? = —27. 


Using the definition of a!” and the Rules of Exponents, it is possible to define 
any exponential expression that contains a rational exponent. 


Rule for Rational Exponents 


If mand nare positive integers and a" is a real number, then 


amin = (al/nym 





; ai 
The expression a” can also be written Ge = Qn (gt) ie 


As shown above, expressions that contain rational exponents do not always rep- 
resent real numbers when the base of the exponential expression is a negative 
number. For this reason, all variables in this chapter represent positive numbers 


_unless otherwise stated. 
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TAKE NOTE 
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=> Simplify: 272% 
2723 = (33)28 
= 33(2/3) 
32 
=O 


=> Simplify: 32-7" 
328 (02) .26 


° Rewrite 27 as 3°. 
¢ Multiply the exponents. 


e Simplify. 


e Rewrite 32 as 2°. 


1 ‘ 
Note that 32-25 = 7 positive 


ao 
number. The negative exponent a2 i 
does not affect the sign of a 1 
number. ean e 
22 
1 
— 4 @ 


=» Simplify: a!? - a2 -q-4 


qi az -qii4é= qil2+2/3—1/4 


Multiply the exponents. 


Use the Rule of Negative Exponents. 


Simplify. 


® Use the Rule for Multiplying Exponential 
Expressions. 


= Qg6/12+8/12—3/12 


= ie 


=> Simplify: («%y*+)32 
(xo y4)32 = 16(3/2)(3/2) 


= x96 


P 8a3bh-4 2/3 
=> Simplify: Ga 


Ba3b-4 3 (23q35-4\23 
(| ead 


= (2-3a!2p-©)28 


= 2-24 8h-4 
ab O 
~ 2244 4p4 


© Simplify. 


® Use the Rule for Simplifying Powers of Products. 


© Simplify. 


* Rewrite 8 as 2? and 64 as 2°. 
® Use the Rule for Dividing Exponential 
Expressions. 


Use the Rule for Simplifying Powers of 
Products. 


* Use the Rule of Negative Exponents and 
simplify. 
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Example 1 Simplify: 6472 You Try It1_ Simplify: 16-34 


Solution 64°29 = (2°)-28 = 274 Your solution 


Example 2 Simplify: (—49)3?2 . You Try It2 Simplify: (—81)>4 


Solution The base of the exponential Your solution 
expression is a negative 
number, while the denominator 
of the exponent is a positive 
even number. 


Therefore, (—49)°” is not a real 
number. 


Example 3 Simplify: («!y~3/2z1/4)-3 You Try It3 Simplify: («3/4y1/2z~2/5)-43 


Solution. ("2y"*2z14) "32 Your solution 


= aay ae 
y4 
x 473 8 


2, —5/4 


1/ 
Example 4 Simplify: aT You Try It4 Simplify: 


16a~2b*8 —1/2 
9atb~28 ) 


xU2y-5/4 
ST RTS Your solution 
y 


a x3/6 = aoe ee Se 


Solution a3 


ierTioMonee <= 
ais Ve lar 





Solutions on p. S26 


Objective B_ To write exponential expressions as radical 
expressions and to write radical expressions as 


exponential CXPreSSIONS .........:::cccccccccsseeeeereesntsssserseestennes ({28}}) ({29)) 
POINT OF INTEREST Recall that a!” is the nth root of a. The expression W/a_is another symbol for the 


rg nth root of a. 
The radical sign was 


introduced in 1525 in a book by If a is a real number, then a!” = Wa . 

Christoff Rudolff called Coss. ; 

He modified the symbol to In the expression ae the symbol V _ is called a radical sign, n is the index of 
indicate square roots, cube the radical, and a is the radicand. When n = 2, the radical expression represents 


roots, and fourth roots. The 
idea of using an index, as we 


ee oer An exponential expression with a rational exponent can be written as a radical 
not occur until some years 


Detar. expression. 


a square root and the index 2 is usually not written. 


Rule for Writing Exponential Expressions as 
Radical Expressions 


lf ais a real number, then a” = a” V7 = (q™)/0 = V/a”. 





. : hn 
The expression a” can also be written a’ = (ainym = (Way. 


—_ 
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The exponential expression at the right has been writ- 7? = (y?)!° 
ten as a radical expression. = Vy? 


5 
The radical expressions at the right have been written Wx8 = (x6)'5 = x95 
as exponential expressions. VAT SAT aaa 


=> Write (5x)? as a radical expression. 


(50)7 Vv (5x)- e The denominator of the rational exponent is the index of 
the radical. The numerator isthe power of the radicand. 
= W/25x? © Simplify. 


A 3 ; ‘ c : 
=> Write Vx* as an exponential expression with a rational exponent. 


Vx4 = (x4)13 e The index of the radical is the denominator of the 
rational exponent. The power of the radicand is the 
numerator of the rational exponent. 


ue ¢ Simplify. 


pti sar as ’ ’ 
=> Write Va? + b3 as an exponential expression with a rational exponent. 


V+ b3 = (a3 + b3)12 | 
Note that (a? + b3)!2 4a +b. 


Example5 Write (3x)°“4 as a radical You Try It5. Write (2x3)34 as a radical 
expression. expression. 


Solution (3x)5/4 = W/ Gx == W/243x5 Your solution 


Example6 Write —2x?? as a radical You Try It6 Write —5a*° as a radical 
expression. expression. 


Solution —2x7 = —2(x?)!3 = ~2W 2 Your solution 


eed ; 
Example 7 Write V3a as an exponential You Try It7 Write V/3ab as an 
expression. exponential expression. 


; 4 
Solution V3a = (3a)!" Your solution 


Example 8 Write Va’? — b? as an You Try It8 Write W/x4 + y* “as an 
exponential expression. exponential expression. 


Solution Va? — b2 = (a2 — b?)!/2 Your solution 


Solutions on p. S26 
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Objective CTo simplify radical expressions that 


TAKE NOTE 


Note that when the index is an 
even natural number, the nth 
root requires absolute value 
symbols. 


WyF = |y| but Vie= y 


Because we stated that 
variables within radicals 
represent positive numbers, we 
will omit the absolute value 
symbols when writing an 
answer. 


are roots Of perfect POWETS ......2..2c00cccccccccsecseeesccccsessseesscees €23) 8 CEQ) 


Every positive number has two square roots, one a positive and one a negative 
number. For example, because (5)? = 25 and (—5)? = 25, there are two square 
roots of 25: 5 and —5. 


The symbol V _ is used to indicate the positive or V25=5 
principal square root. To indicate the negative square 
root of a number, a negative sign is placed in front of 


the radical. —-V25=-5 
The square root of zero is zero. V0= 0 

The square root of a negative number is not a real V —25 is not a real 
number, because the square of a real number must be number. 
positive. 

Note that 


NMBA D5 = 5rand V5 Al 25-5 
This is true for all real numbers and is stated as the following result. 


For any real number a, Va? = |a| and —Va? = —|a|. If a is a positive real num- 


ber, then Va? = a and (Va)? =a. 


Besides square roots, we can also determine cube roots, fourth roots, and so on. 


V/8 = 2, because 2° = 8. ® The cube root of a positive number is positive. 
\/-8 =-— 2, because (—2)? = —8. e The cube root of a negative number is negative. 


W625 = 5, because 54 = 625. 
\/243 = 3, because 35 = 243. 


The following properties hold true for finding the nth root of a real number. 


If n is an even integer, then Va" = |a| and —~Wa" = —|a|. Ifn is an odd integer, 
then Va" =a. 


For example, 
WF = |y) Vx? = —|x| VB =b 


We have agreed that all variables in this chapter represent positive numbers 
unless otherwise stated, so it is not necessary to use the absolute value signs. 
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=> Simplify: V64 


W64 = V/28 e Write the prime factorization of the radicand in simplest form. 
= (2°) "2 ¢ Write the radical expression as an exponential expression. 
=2??=4 ¢ Use the Rule for Simplifying the Power of an Exponential 

Expression. 


=> Simplify: Wx4y8 


The radicand is a perfect fourth power because the exponents on the variables 


are divisible by 4. 
Vv Ly = Gy) ¢ Write the radical expression as an exponential 
expression. 
= xy" * Use the Rule for Simplifying Powers of Products. 
m> Simplify: W/32x15 | 
W/32x15 = (25x15)1/5 e Write the prime factorization of 32. Write the radical | 
expression as an exponential expression. 
=x? ® Use the Rule for Simplifying Powers of Products. 


Example 9 You Try It 9 
Simplify: V49xy!? Simplify: V121x!y4 
Solution Your solution 
\ /49x2y!2 aR [Py 
= (72x2yl2)1/2 
= 7xy° 


Example 10 You Try It 10 


Simplify: V—125a%° Simplify: V Oxy 


Solution Your solution 


V=125a5® = V(-5.a°b? 


= [(—5)3a%b9]!3 
= —5a2b? 


Example 11 
Simplify: —W16a'b? Sai? os Vv Sixzy* 
Solution Your solution 
—W16a'b® = —W/24q4b8 
—(24a4b8)1/4 
= —2ab? 





Solutions on p. S26 


9.1 Exercises — 
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i eae o rs ae eee Se) en CeNG— (© Weise) lee) (6) 161 e 6 @) 6.6 6 ele e- 6 0 © 6 €-0 © © 0 © eo ew 6 eee Oe OOo Oo 





Objective A 
Simplify. 
18'2 2: 
6. 64>" ae 


25)\-3/2 
eo 
() 


16. x2/5 r x45 


a 
DAS p35 
qi? 


b3/4 
26. pa 


31. (a-12)-2 


35. (ai 5 a) 


39. (yi ‘ Nees 


ZZ: 


Ze 


He"? 3. 


3225 8. 


zy". 
4-2/3. 3/4 18. 
(x2)-12 28. 


32. (O22 re 


36. (628 , pile) 


93/2 


1634 


x22 


—3/4 


< 


1/4 


=< 


(a>) #4 


40. (be , pis) 43 


14. 


19. 


24. 


29: 


33: 


ST, 


41. 


253/2 


(—25)9/2 


a'3q5/3 


qi3 . q?!4 5 q 2 


x 3/5 


Xx 


(en7?)8 


Cole 


Gs 1/2. x/4) 2) 


Gey) 2 


10. 


15. 


20. 


2: 


30. 


27-213 


(—36)!4 


= 1/44,3/4 
er 


-1/6 . 2/3. 1/2 
y. 


y y 


2/3 
a 
—5/6 


(Gyn) 


34, Gy 2e)n 2 


38. (qi? ; Ga7). 


42. (a3b9)23 
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43. 


47. 


513 


SD. 


59. 


61. 


65. 


69. 


ASs 


ids 


Chapter 9 / Rational Exponents and Radicals 


ez) 
Gay) 


4a, 212 
223 


b . b-34 a 
ae 


1/2 


44, (a®b4c*)34 


48. (a7°b2> 2 


pi fs b-3/4 
SPA: TA, UF 

(a6 i ae? 
DOr apts = 


(1 6m~2n*)- W2Gnn'/2) 


ey on —6 
yo 


eeeyt2 —y 


x" - xin 





eeree)s 


4) 


1/2,,—5/4\—4 
0. 


66. (ye a va) 


70. a*”-q-™ 
pins 
74. — 
bm 


78. ceiea eye 


45. 


49. 


53. 


Bide 


60. 


63. 


67. 


iL: 


75. 


79. 


(Qeeye)n 1/3 


eal 
y? 


(= : =) 
ye 


(a23b2)°(a3b?) 1/3 


46. 


50. 


54. 


58. 


(27m3n-°)13(m- 1/344 5/6)6 


2-6p-3 =2/3 
q 12 
ae (G* ea a7) 


xn - x2 
(Gene 


(Gir yet0)20 


64. 


68. 


Ze 


76. 


80. 


(a2b~6)-12 
b-3/4\8 
ae 
Py ON 

qe 


ove vie ia? (5, 22) a | 














49c 5/3 \= 372. 
(aa| 


x43(x28 ait sar) 


quiz -a —n/3 


(<9) 28 


(xr/2yn/5)10 
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Objective B 


Rewrite the exponential expression as a radical expression. 


815/33" 


851-727)? 


89 (a*b)#4 


93. (4x — 3)34 


82/51" 83. 
it 86. (3x)? 87. 
90. (x2y3)34 91. 
94. (3x — 2)'2 95. 


Rewrite the radical expression as an exponential expression. 


97. V14 


105. V2x 


109. 3xVy2 


98. V7 99. 
102. Wa3 103. 
106. W/4y? 107. 
110. 2yVx3 111. 


a?! 


—2x2/3 


(G23 2 


x 2/3 


= 3x° 


a*—2 


84. 


88. 


927 


96. 


100. 


104. 


108. 


ri2: 


b*3 


—3q2/5 


(pt)? 


b-3/4 


3. 
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Objective C 

Simplify. 

113. Vx!6 114. 
117. Wx3y9 118 
121. V16a*b? 122. 
125. V27x° 126. 
129. —Wx8y2 130. 
133. W/81x4y20 134. 


APPLYING THE CONCEPTS 


1373 


138. 


139. 


140. 


Vyl4 115. —Vx8 
Wash 119. —Vx15y3 
V 25x 8y? 123. Vi lor 


W/8a21b6 127. V/—64x9y2 
a qish4 131. W/x20y10 
W/16a8b2 135. /32a5p10 


Determine whether the following statements are true or false. If the 
statement is false, correct the right-hand side of the equation. 


AV «—2)- = 2 

d. Va" +b"? =a+b 
Simplify. 

a. VV/x5 

d. VWa" 


b. V (-3) = -3 c. Va =ale 
e. (@!*+ b'7)2=a+b f. Va" =am 


b. VVa8 c. VV81y8 
e. VV be f. V W/x!224 


Show how to locate V2 on the number line. 


If x is any real number, is Vx? = x always true? Show why or why not. 


116. 


120. 


124. 


128. 


132. 


136. 


V—9a'4b 


W/—27a3b'5 


Nop 





W/—32x1520 | 












9.2 


SS 








Objective A 


POINT OF INTEREST 


The Latin expression for 
irrational numbers was 
numerus surdus, which 
literally means “inaudible 
number.” A prominent 
16th-century mathematician 
wrote of irrational numbers, 
“Just as an infinite number is 
not a number, so an irrational 
number is not a true number, 
but lies hidden in some sort of 
cloud of infinity.” In 1872, 
Richard Dedekind wrote a 
paper that established the 
first logical treatment of 
irrational numbers. 
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Operations on Radical Expressions 


To simplify radical expressions. ....c1:....ccccsccsecssssssessssesessessesessessseeces 730} ) 


If a number is not a perfect power, its root can only be approximated; examples 
include V5 and V3. These numbers are irrational numbers. Their decimal 
representations never terminate or repeat. 


V5 = 2.2360679... 3 =1.4422495... 


A radical expression is not in simplest form when the radicand contains a factor 
greater than 1 that is a perfect power. The Product Property of Radicals is used 
to simplify radical expressions whose radicands are not perfect powers. 


The Product Property of Radicals 
Ifa and Wb are positive real numbers, then V/ab = V/a- W/b 


and Wa: Wb = Wab. 





=> Simplify: Wx? 


Wx? = Vx6. 56 © Write the radicand as the product of a perfect cube and a 
factor that does not contain a perfect cube. 
= Vx Wx * Use the Product Property of Radicals to write the expression 
as a product. 
= 2Wx ° Simplify. 


=> Simplify: W32x7 
W32x7 = W/25x7 * Write the prime factorization of the coefficient of 
the radicand in exponential form. 


= W24x4(2x3) ¢ Write the radicand as the product of a perfect 
fourth power and factors that do not contain a 
perfect fourth power. 

= V24AV 2x3 ¢ Use the Product Property of Radicals to write the 
expression as a product. 

= 2xV2x3 ° Simplify. 


ieee rs 
Example 1 Simplify: Vx? You Try It1_ Simplify: Wx’ 


Your solution 


Solution > W/x9 = Wx8-x = WV x8 Wx 


4 
x?V x 





Solution on p. S26 
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Example 2 


Simplify: VW—27a5b” 


Solution 


xponents and Radicals 


You Try It 2 


Simplify: V—64x®y!8 


Your solution 





V-27ab? = W(-3)3a5b” 


= W(—3)3a3b!2(q2) 


= —3ab’4 


Objective B 


TAKE NOTE 


Adding and subtracting 
radicals is similar to 
combining like terms. 


Example 3 


Va2 





To add or subtract radical ExpreSSiONS.............:c:cccccseesesccnesnensnees (ep) 


The Distributive Property is used to simplify the sum or difference of radical ex- 
pressions that have the same radicand and the same index. For example, 


3V5 + 8V5 = (3 + 8)V5 = 11V5 
2W3x — 93x = (2 —9)W3x = -7V3x 


Radical expressions that are in simplest form and have unlike radicands or 
different indices cannot be simplified by the Distributive Property. The ex- 
pressions below cannot be simplified by the Distributive Property. 


BN EONS Wax + 3W/4x 








=> Simplify: 3V32x2 — 2xV2 + V128x? 


First simplify each term. Then combine like terms by using the Distributive 
Property. 


3V 32x? — 2xV2 + V128x2 = 3V 25x? — 2xV2 + V272 | 
= 3V2EV2 — V2 + V2EPV2 | 
= 3-2%V2 — 2nV2 + 23xV2 | 
= 12x V2 — 2xV2 + &xV2 
= 18xV2 


You Try It 3 


Subtract: 5bW/32a7b> — 2aW/162a5b° Subtract: 3xyW81x5y — W/192x8y4 


Solution 


Your solution 


5bW32a'b> — 2aW/162a°b° 
= 5bW/25ab> — 2aW/3# - 2a3b9 
= 5bV/24a'btW/2a5b — 2aW3*B8 W202 
= 5b + 2ab W2a5b — 2a - 3b°W/2a2b 
= 10ab?W/2a5b — 6ab?*W/2a3b 


= dab?\/2a3h 





Solution on p. S27 | 
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Objective-C” To multiply radical expressionS............0cccccc0ccccccccseesecssece 730) } (2) 
The Product Property of Radicals is used to V3x > V5y = V3x- 5y 
multiply radical expressions with the same = V15xy 
index. 
When the expression (Vx)? is simplified using (Vx)? = Vx - Vx = Vx +x 
the Product Property of Radicals, the result is x. = Vx2 =x 


TAKE NOTE 


The concept of conjugate is 
used in a number of different 
instances. Make sure you 
understand this idea. 


The conjugate of V3 — 4is 
V3 +4. 


The conjugate of V3 + 4is 
V3 -4. 


The conjugate of V5a + Vb 
is V5a— Vb. 


=> Multiply: V/2a5b V/16a2b? 


V2a5b V 16a7b? = V32a'b3 e Use the Product Property of Radicals to 
multiply the radicands. 
= V25a7b3 ° Simplify. 
= VaR WV 2a 
= 2abW/ 4a 


=> Multiply: V2x(V/8x — V3) 


V2x (WV 8x — V3) = V2x(V8x) ~— V2x(V3) ¢ Use the Distributive Property. 
= V16x? — Vox © Simplify. 
= Vi - Vex 
= 2x — Vox 
= Ay — V6x 


=> Multiply: (2V5 — 3)(3V5 + 4) 


(2V5 — 3)(3V5 + 4) = 6(V5) + 8V5 — 9V5 — 12 ® Use the FOIL method to 
multiply the numbers. 


Z0eeRV 5 —9V5 — 12 
[s= 75 e Combine like terms. 


m> Multiply: (4Va = Vb\(2Va + 5Vb) 


(4Va — Vb)(2Va + 5Vb) 
= 8(Va)? + 20Vab — 2Vab — 5(V by © Use the FOIL method. 


= 8a + 18Vab — 5b 


The expressions a + b anda — b are conjugates of each other. Recall that 
(a + b\(a — b) =a? — b?. 


=> Multiply: (11 — 3)(V11 + 3) 


(V11 i By GW/tite +3)= (V1)? — 3? e The expressions are conjugates. 
ri i=—-9 = 2 


\ 
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Example 4 You Try It 4 


Multiply: V 3x(V 27x? — V 3x) Multiply: V5b(V 3b — V 10) 


Solution Your solution 


V3x(V27x2 — V3x) = V81x3 — (V3x) 
= V34x3 — 3x 
= V34x2Vx — 3x 
= 3xVx — 3x 
= 9xVx — 3x 





Example 5 ; ; You Try It 5 ‘ , 
Multiply: (2Vx — 3)(3Vx — 4) Multiply: (2W2x — 3)(W2x — 5) 


Solution Your solution 


QVe —3)GVi— 4) 


= 6V/x2 — BW/x — Wx + 12 
= 6\/x2 — 17W/x + 12 


Example 6 You Try It 6 


Multiply: (2Vx = V2y)\(2Vx + V2y) Multiply: (Va = 3Vy)(Va + 3Vy) 


Solution Your solution 


(2Vx — V2y)(2Vx + V2y) 
= (2Vx)? -— (V2y)? 
= 4x - 2y 





Solutions on p. S27 





Objective D To divide radical expresSionsS...........0:00000ccc00s. €&) (37) 
eeeeere ose q ) Hv? | 


The Quotient Property of Radicals is used to divide radical expressions with the 
same index. 


The Quotient Property of Radicals 
If Va and Wb are real numbers, and b ¥ 0, then 


an aia Va a 
4 and == =.{/— 


b Wb Vb Vb 





POINT OF INTEREST 


A radical expression that 
occurs in Einstein's Theory of 
Relativity is 


1 





(ow 

c 

where vis the velocity of an 

object and cis the speed of 
light. 


nn 


TAKE NOTE 


Note that multiplying by Vax 
Vax 

will not rationalize the 
denominator of 3x 

n ——. 

3x Vax 3xV4x 

Wax Wax W16x? 
Because the radicand of 
¥/16x2 is not a perfect cube, 


the denominator still contains 
a radical expression. 











=> Simplify: 3 ae 
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y® 





,[81x8 _ WB1x5 
Cie 3 
y vs 


13445 
ee ® Simplify each radical expression. 


¢ Use the Quotient Property of Radicals. 


Ji3k W/ 3x2 
rae 
3 : V 5a*bic? 
=> S ity; —————— 
implify ae 
V5a‘*b’c? 5ab7c2 


ae = aie ® Use the Quotient Property of Radicals. 


V 5a3b*c 
=) a-b°\ Sac 
= ab?\/5ac 


© Simplify the radicand. 


A radical expression is in simplest form when (1) the radicand contains no fac- 
tor greater than 1 that is a perfect power; (2) there is no fraction as part of 
the radicand; (3) no radical remains in the denominator of the radical expres- 
sion. The procedure used to remove a radical from the denominator is called 
rationalizing the denominator. 


=> Simplify: <3 


Multiply by 5 which equals 1. 








SS eee se 
EN Vee 2 V2 
See ee eV 2- W2= (V2) = 2 
2 
=> Simplify: = 
4x 
BG 3x VW 2x? 


© V/22x- W/2x? = V/23x3, the cube root of a 
perfect cube. Multiply the numerator and 











Wax W2x W/2x 
3/p 2 
denominator by a which equals 1. 
/2x 
_ 3xV2x? 3x V 2x? 
 WV23x3 2x 
aK 
SP me ~ 


Simplify. 
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TAKE NOTE > Simplify 

Vx + Vy 
Here is an example of using a ‘ f , , 
conjugate to simplify a radical To simplify a fraction that has a radical expression with two terms in the 


expression. denominator, multiply the numerator and denominator by the conjugate of 
the denominator. Then simplify. 


Va-— Vy Ve-Vy Vx- Vy _ We - Vox = V9) 
Varvy Vatvy Ve-Vy Wat VyVx - Vy) 
_ Wa = Vi Vy? 
7 (VxP = (Vy? 
_ x — WV xy ty 
Xam) 





Example 7 Simplify: ae You Try It 7 


Xe 


Solution Your solution 


Example 8 Simplify: Te You Try It 8 
x 


Solution Your solution 


: 2 3 
Example9 Simplify: ———— You Try It 9 
Buy 5 -—2V3 ‘ 


5 +2V3 _ domoNs2 6v3 Your solution 
5-2V3 5+2V3 52-(2Vv3)/ 


_ 15+ 6V3 
DD 


Solution 


_ 154+ 6V3 
13 


Solutions on p. S27 } 
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9.2 Exercises’ | 


eo 8 e© @ 
Oe eae) Lele iee ie \(6) sel eet ey Teuie; viele (s. (0: 6, @ ee je! 0) 6 6 6 © @ 6: © © © 6 6 © © 0° ©. © © © © 0 et 








Objective A 
Simplify. : 
PN tye Be Nee? 3. V8ab§ 4. V24a°b® 
B. VV 45x78 6. V60xy7z? dae Via Ox: SV = y- 
9. Wali 10. Va>b8 11. V—125x2y4 12. V—216x5y° 
13. Vaibecé 14. Wasblicts 15. W/16xy° 16. W/64x8y10 
Objective B 


Add or subtract. 


17. 2Vx — 8Vx 18. 3Vy + 12Vy 19. V8 — V32 

20. V27a — V8a 21. V18b + V75b 22. 2V2x3 + 4xV 8x 
23. 3V8x2y3 — 2xV32y3 24. 2V32x2y3 — xyV98y 

25. 2aV27ab> + 3bV3a%b 26. V128 + V250 

27. V16 — V54 28. 2V/3a4 — 3aV/8la 

29. 2bV/16b? + V/128b5 30. 3Vx5y7 — 8xyVx2y4 
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SI: 


33. 


35. 


Sas 


39. 


41. 
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3V/32a5 — aW/162a 


ZN S03 VA2Se Nags 


V 9b? — V25b3 + V49b3 


2xV 8xy? — 3yV 32x? + V 4x33 


W54xy3 — 5V/ 2xy? + yW128x 


2aW32b> — 3bW162a4b + W/2a4D> 


Objective C 


Multiply. 


43. 


46. 


49. 


52. 


55. V3(V27 — V3) 


58. 


V8V32 


VEV5 


V 2x*y V 32xy 


W/4a2b3 W/8ab? 


Vy(Vy — V5) 


44, 


47. 


50. 


D3; 


56. 


59. 


32. 


34. 


36. 


38. 


40. 


42. 


2a 16ab> + 3bW/256a5d 


3/108 — 2V 18 — 3V48 


V4xty> + 9x?V x3y5 — SxyV x°y3 


5aV 3a3b + 2a*V 27ab — 4V75a°b 


2W 24x34 + 4xV81y4 — 3yW/24x3y 





6yW48x5 — 2xW243xy4 — 4V/3x5y4 





45. W4v/8 | 














V14V35 

x25 Vixcy 48. Va*bVab* 
V5x3y V10x3y4 51. Vey V1 6x4y2 
WV 12ab3 W/4a5b? 54. V/36a7b4W/1205b3 
V10(V10 — V5) 57. Vx(Vx — V2) 
V2x(V8x — V32) 60. V3a(V27a? — Va) 
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a 









































61. (Wx —3Y = — 62. (V2x + 4) 63. (4V5 + 2) 
64. 2V3x? - 3V12xy3 - Vox3y 65. 2V 14xy -4V7x2y - 3V 8xy? 
66. WV 8ab V4a2b? V/9ab4 67. \/2a*b W/4a3b? W/8a5b5 
68. (V2 = 3)(\V/ 2+ 4) 69. (V5 — 5)(2V5 + 2) 
70. (Vy — 2)(Vy + 2) 71. (Vx —y)(Vx +) 
72. (V2x — 3Vy)(V2x + 3Vy) 73. (2V3x — Vy)\(2V3x + Vy) 
Objective D 
Simplify. 
a Vol ae V 60y* we V 42a%b> V 65ab* 
© W2x " VW12y " /14ab "  W5ab 
1 1 1 2 
i 7h ee 80. —— 
V5 2 V2x V3y 
5 9 x MY 
a 83. $4. = 85, ee 
V5x V3a 5 2 
3 5 3 5 
—— 37. 88. 89. 
eo wD V9 4x? Wy 
V 40x32 BI V15a2b° V24a*b os, try 
OE "730053 Vi8ab4 " V20x%y 
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94. 


98. 


102. 


105. 


108. 


APPLYING THE CONCEPTS 


111. 


112. 


3; 


114. 


115. 





























5 gh wee opm 7,8 
ope ci Wale oD 
2 5 3 27 

99. 100. 101. 
V5 +2 i Vy -2 Vx — 3 
V2 - V3 tae V34V4 ics 2+3V7 
V3 YD Aa 5 at 
2+ 3V5 2V3-1 2Va -—Vb 
ae 106. ——— 107. ———_— 
1-V5 3V3 +2 4Va + 3Vb 
2Vvx~4 Toe ee 110. ee 
Vx +2 " Wy + 2y " 3Vx — 2Vy 


Determine whether the following statements are true or false. If the 
statement is false, correct the right side of the equation. 


a. 73-W4=V12 b. V3-V3 =3 ce. Wx - Wx =x 
d. Vx + Vy = Vx +y enV 2°73 41/243 f. 8Va — 2Va = 6Va 
Simplify. 
2 Wipe 
acy 2 2) b. ——————_- oo 
Vx +4+2 MVE OLS 





Multiply: (Wa + Wb)\Wa2 — Wab + Wb?) 


Rewrite as an expression with a single radical. 


Wa +b) 
Ve 


art 


Describe in your own words what it means to rationalize the de- 
nominator of a radical expression, and explain how to do so. 





aes 
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< 
19.3} Complex Numbers 





ee 
Objective A To simplify a Complex NUMBER ...........00ccseccceecceescsesssenscsnecsesessesseenssensssesssens 
The radical expression V —4 is not a real number, because there is no real num- 
ber whose square is —4. However, the solution of an algebraic equation is some- 
times the square root of a negative number. 
For example, the equation x* + 1 = 0 does not have a real x7+1=0 
number solution, because there is no real number whose x*=-1 
square is a negative number. 
Around the 17th century, a new number, called an imaginary number, was 
defined so that a negative number would have a square root. The letter i was cho- 
sen to represent the number whose square is —1. 
’v=-1 
An imaginary number is defined in terms of i. 
POINT OF INTEREST 


The first written occurrence of 
an imaginary number was ina 
book published in 1545 by 
Girolamo Cardan, where he 
wrote (in our modern notation) 
5 + V —15. He went on to say 
that the number “is as refined 
as itis useless.” It was not until 
the 20th century that 
applications of complex 
numbers were found. 


TAKE NOTE 


The imaginary part of a 
complex number is a real 
number. As another example, 
the imaginary part of 6 — 8/ 
is —8. 


If a is a positive real number, then the principal square root of 
negative ais the imaginary number iV a. 





Here are some examples. 


V-16 =iV16 = 4i 

V=12 =iV12 = 21V3 

V-21 =ivV21 
VET=—iWVi=% 


It is customary to write i in front of a radical to avoid confusing Va i with 
al. 


The real numbers and imaginary numbers make up the complex numbers. 


Complex Number 


A complex number is a number of the form a + bi, where a and 


bare real numbers and / = V —1. The number ais the real part 
of a+ bi, and bis the imaginary part. 





Examples of complex numbers are shown at 
the right. 
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Real Numbers A real number is a complex 
a+ 0i number in which b = 0. 
Complex numbers 
Go vt 
Imaginary Numbers An imaginary number is a 
0+ bi complex number in which: 
a= 0. 


=> Simplify: V20 — V—50 


V20 — V—50 = V20 - iV50 ® Write the complex number in the 
form a+ bi. 
SEN 27 Ny Sore ° Use the Product Property of Radicals 


to simplify each radical. 


= 2V5 - 5iV2 


Example 1 You Try It 1 


Simplify: V —80 Simplify: V —45 


Solution Your solution 


V—80 =iV80 =iV2*-5 = 4iV5 


Example 2 You Try It 2 


Simplify: V25 + V—40 Simplify: V98 — V—60 


Solution Your solution 


V25 + V—40 = V25 + iV/40 
= V5? +iV2?-2-5 
SV 10 


Solutions on p. S27 





Objective B_ To add or subtract complex NUMBEFS........1.....21:0100000000000000000c0cceeceeeeeeeeeeese. | 


The Addition and Subtraction of Complex Numbers 


To add two complex numbers, add the real parts and add the 
imaginary parts. To subtract two complex numbers, subtract the 
real parts and subtract the imaginary parts. 


(a+ bi) + (c+ di)=(a+c)+(b+ d)i 
(a+ bi) — (c+ di) =(a—c)+(b—d)i 





=> Subtract: (3 — 71) — (4 - 22) 


(3 — 7i) — (4— 21) = (3 — 4) + [-7 - (-2)]i * Subtract the real parts and 
subtract the imaginary parts 


of the complex numbers. 














ht 
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a Add: 3 + Vi) + (7 — V=27) 


(3 + V—-12) + (7 — V-27) 
= (3 + iV12)¢ (7 — iv 27) ¢ Write each complex number in the form 
a+ bi. 


= (3 +iV2? ~3) + (7 —iV3?: 3) ¢ Use the Product Property of Radicals to 
simplify each radical. 


= (3 + 2iV3) + (7 — 3iV3) 
=10-iV3 e Add the complex numbers. 


Example 3 You Try It 3 
Add: (3 + 21) + (6 — 5i) Subtract: (—4 + 27) — (6 — 81) 


Solution Your solution 
(or e2e) (6 — 51) = 9 — 37 


Example 4 ee You Try It 4 
Subtract. (9.58) (54 .V = 32) Subtract: (16 — V—45) — (3 + V—20) 


Solution Your solution 


(O28) (5 E92) 
= (9 —iV8) — (5 + iV32) 
= (9 —iV2?-2) - (5 +iV 24-2) 


(9 27/2) = (6+ 41V2) 
=4-6iV2 


Example 5 You Try It 5 
Add: (6 + 41) + (—6 — 41) Addi(Gs2biata(q- 3s 22) 


Solution Your solution 
(6 + 41) + (-6 — 41) =0+ 01 =0 


This illustrates that the additive inverse 
ofa + biis —a — bi. 


Solutions on p. S27 





Objective C To multiply complex NUMDBETS............:c.cccscessscessesseesessseseesesneeneenesseneeneens 


When multiplying complex numbers, we often find that i? is a part of the prod- 
uct. Recall that i? = —1. 


=p Multiply: 27 - 37 


Dist —61- © Multiply the imaginary numbers. 
='6(—1) e Replace i? by —1. 
= —6 © Simplify. 
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TAKE NOTE 


This example illustrates an 
important point. When 
working with a number that 
has a square root of a 
negative number, always 
rewrite the number with / 
before continuing. 


=> Multiply: V—6 - V—24 





V-6: V—24 =iV6-iV 24 ® Write each radical as the product of a 
real number and /. 
= ?V/144 e Multiply the imaginary numbers. 
= -V/144 e Replace i? by —1. 
= — 12 © Simplify the radical expression. 


Note from the last example that it would have been incorrect to multiply the rad- 
icands of the two radical expressions. To illustrate, 


V6 - V—-24 = V(=6)@ 24) = V 144 = 12, not —12 


=> Multiply: 47(3 — 22) 


4i(3 — 2i) = 12i — 81? e Use the Distributive Property to remove 
parentheses. 
= 127 — 8(-1) © Replace /? by —1. 
= 8+ 121 e Write the answer in the form a + bi. 


The product of two complex numbers is defined as follows. 


Product of Complex Numbers 


(a+ bi)(c + di) = (ac — bd) + (ad + be)i 





DACA aR SUIORN LAAN 
Ce 


One way to remember this rule is to use the FOIL method. 


=> Multiply: (2 + 4i)(3 — 5i) 





(2 + 41)(3 — 5i) = 6 — 10i + 127 — 207? 


Use the FOIL method to find 


the product. 
Or 
= 6+ 21-201) ° Replace i2 by —1. | 
= 26+ 21 e Write the answer in the form 


at bi. 


The conjugate of a + bi isa — bi. The product of conjugates, (a + bi)(a — bi), 
is the real number a? + b?. | 


(a + bi)(a — bi) = a? — b272 
=a? - b-1) | 
=a’ + bh? . 
| 
=> Multiply: (2 + 3i)(2 — 3i) | 
(2 + 3i)(2 — 37) = 22 + 32 ¢ The product of conjugates is a2 + p?. 
=44+9 
= 13 


Note that the product of a complex number and its conjugate is a real number. 





—_ ~ 


Example 6 
Multiply: (27)(—57) 
Solution 
(2i)(—5i) = —10i2 = (—10)(—1) = 10 
Example 7 
Multiply: V—-10-V-—5 
Solution 
V-10-V—5 =iV10-ivV5 
= 2/50 = 28/52. 2 = 





Example 8 

Multiply: 3i(2 — 47) 

Solution: 

31C — 41) =36t —1277 = 61 = 12(—1) 
= 12+ 61 


Example 9 ea 
Multiply: V—8(V6 — V—2) 
Solution _ i 
V-8(V6 — V—2) = iV8(V6 — iV2) 
= iV48 — i?V16 
= iV2*.3 - (-1)V24 
= 41V3+4=4+4 4iV3 
Example 10 
Multiply: (3 — 47)(2 + 57) 
Solution 
G — 41)@2 + 51) = 6 + 151 = 81 — 207 
= 6+ 7i — 20%? 
=6+ 77 — 20(-1) = 26+ 71 
Example 11 
Multiply: (4 + 57)(4 — 57) 
Solution 


(4 + 5i)(4 — Si) = 42 + 52 = 16+ 25 = 41 


Example 12 
sn Gr =H 
ultiply: |55 + jo? 32 


Solution 
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You Try It 6 
Multiply: (—3i)(— 102) 


Your solution 


You Try It 7 


Multiply, =V —8 =\s—5 


Your solution 


You Try It 8 
Multiply: —6i(3 + 47) 


Your solution 


You Try It 9 


Multiply: V 23/27; = V-6) 


Your solution 


You Try It 10 
Multiply: (4 — 3i)(2 — i) 


Your solution 


You Try It 11 
Multiply: (3 + 67)(3 — 67) 


Your solution 


You Try It 12 ; 
Multiply: Be ds ay ai) 


Your solution 


Solutions on p. S27 
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Objective D To divide complex numbers 


A rational expression containing one or more complex numbers is in simplest 
form when no imaginary number remains in the denominator. 


























| 
7 


=> Simplify: 
: —# = é oo e Multiply the expression by-. 
27 Bt 1 I | 
Reeeles aye | 
eee 
AI) e Replace i? by —1. 
Zab) 
Sr 21 
= © Simplify. 
5 plily 
= “5 =a e Write the answer in the form a + bi. 
, : Sai! 
=> Simplify: ee 
sult azn a 
2 = : a : ; © Multiply the numerator and denominator by 
1 bystiftaee Gliese 1 


ee ae 





the conjugate of 1 + i. 
®ini+ia=1and b=1. 


2 2 . 
Bee a+ hart ) 
= a ako ® Replace i? by —1 and simplify. | 
a tensa Write th in the form a+ bi | 

— SS SS e i 
5 a 9 rite the answer in the form a + bi | 


Example 13 


Simplify: 
Solution 

bai Sea i Sit 4? 
Sieh EeaGiae cis E13 
_Sit+4(-1)_ -44+5i 4 = 5, 
Sei | 8 Pesaro ap 


Example 14 


: ; noe 
Simplify: =; 
Solution 
Deri BO St) ated 
PQ A 4 25} 
20 Oi 12 ie 
4? + 2? 
_ 20 — 22i + 6(-1) 
20 
_ 14-22: 14 


You Try It 13 


Simplify: ~ a a 


Your solution 


You Try It 14 


Simplify: = 


Your solution 


Solutions on p. S28 
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9.3 Exercises | 


ie in ee seem el enn s aia: | se se. Ce amen ef ee se (6 6) © 6 6 © © (e) 6 @ © © © ¢ 0 @ © © ec0 0 © © © 8 #© © © © ere 0 © © © © 





Objective A 
Simplify. 
1. v-—4 Pe OV 35, V-98 ay V—712 
SN 27. 6 V-75 Tain Loe \ a 82. V 25-2 V9 


Game vel VY — 18 LOS VCO VV 48 PLS PVAGOR N14 7: 128 V.96.— V—125 


Objective B 


Add or subtract. 





13. (0-942) +6 — 51) 14: (6 — 914-22) 

14 (6 — 81) 16. °C. 232787) 

eee =4)— 0 + V=10) 18 (Sts) =) 

Gen? = 750) + (7 — V —8) 200 (6 = 7 12) (OV 108) 

21. (V8 + V—18) + (V32 — V-72) 22. 2 (\/40. = Vi —98), — (V/ 90, & V =32) 
Objective C 

Multiply. 

23. (7i)(—9i) 24. (—6i)(—4i) 25. N\/ 22V 8 


26. V—-5V-45 27. IN 6 28. V—-5V-10 
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29. 2i(6 + 2i) 30, 923i(4 50) 31. V-2(V8 + V-2) 
32) 31 1 0) 33. (5 — 2i)(3 +1) Saal) 
—AAlleanits 
35. (6 + 5i)(3 + 2) 36. (4 — 7i)(2 + 3i) 37. 0s al} + 3] 
Ave Ds ip On orice ale _(2,1, 
38. (2 = zi(1 ata 3) 39. (2 te (3 = 3) 40. (2 a(2 ar xi 
































Objective D 
Simplify. 
8 4 Zeer 1645 52 
= — _ a4, ——__— 
ans 42. 33 a —3i 
4 6 2 5 
i —— 4 48. ; 
Be elit i: DHF 24 Lent 4-1 
49 e537 50 2st ph2i 51 v= 10 52 V=2 
eo! an onset " V8 - V=2 ' V1i2—-V=8 
2st Sade ot Dot S20 
: 4. 55. : 
eo Sint : UG Sie =e 2ieES 


APPLYING THE CONCEPTS 





57. The property that the product of conjugates of the form (a + bi)(a — bi) = a? + b? 
can be used to factor the sum of two perfect squares over the set of complex 
numbers. For instance, x? + 4 = (x + 2i)(x — 2i). Factor the following expressions 
over the set of complex numbers. 
aly? 1 b. 49x? + 16 c. 9a? + 64 


58. a. Is 37a solution of 2x? + 18 = 0? 
b. Is 3 + ia solution of x2 — 6x + 10 = 0? 


59. Given Vi = ez + = find V -i. 


60. Evaluate i" for n = 0, 1, 2, 3, 4,5, 6, and 7. Make a conjecture for the value of 
i" for any natural number. Using your conjecture, evaluate i76., 
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<a 











4 Solving Equations Containing 
5 Radical Expressions 


i 
eat 
aah 
hia 


ithe Sea ee 








Objective A To solve a radical CQuatiOn ..............0cccccssscesssssssssssesscssesssesseseesenees 
A ¢&2) im 
An equation that contains a variable V2x—5+x=7 | Radical 
expression in a radicand is a radical Vx +1—Vx = 4 | Equations 


equation. 


The following property is used to solve a radical equation. 


The Property of Raising Each Side of an Equation to a Power 


If two numbers are equal, then the same powers of the numbers 
are equal. 


ifras—sOsthenrae—wp! 





= Solve: Vx —2-—6=0 


Vx -—2-6=0 
Vx —-2=6 ® Isolate the radical by adding 6 to each side of the equation. 
(Vx — 2) = 6- e Square each side of the equation. 
i 50 e Simplify and solve for x. 
x = 38 
Check: Vx-2-6=0 





Von = 6 
V/36 — 6 
6-6 
0=10 





38 checks as a solution. The solution is 38. 


=> Solve: Vy = 3 


Vx+2=-3 
(Wx + 2)? = (-3)5 e Cube each side of the equation. 
Keyl ® Solve the resulting equation. 
eg 
Check: Vi = =3 
VIO? | -3 
W-27 | -3 
—3.= ~3 


—29 checks as a solution. The solution is —29. 
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Raising each side of an equation to an even power may result in an equation 
that has a solution that is not a solution of the original equation. This is called 
an extraneous solution. Here is an example: 


=> Solve: V2x — 1+ Vx =2 


V2x -—1+ Vx =2 
V2x —-1=2-Vx 
TAKE NOTE (V2x — 1)? = (2 — Vx) 
Note that 2x-1=4-4Vx+x 
(2 - Vx? = Se ean 
De Vx\l2 — Vx) Xx 5 = 4Vx 
=4—4\/x+ x (x — 5)? = (-4V x) 

x? — 10x + 25 = 16x 

x? — 26x +25=0 

G25) a) 0 
TAKE NOTE 


Maa On — il 


You must check the proposed a <i a 

solutions to radical equations. Check: Vee vet 2 VA Vx ee 
The proposed solutions of the 4 /2(25) Sereno V2(1)-—1+ et We 
equation on the right were 1 

and 25. However, 25 did not Le alice, Dtot 2 
check as a solution. Here 25 12 #2 2:=2 


is an extraneous solution. 


25 does not check as a solution. 1 checks as a solution. The solution is 1. 


Example 1 
Solve: W/3x — 1 


—4 
Solution 
W3x—-1 =-4 
(V3x — 1 )3 = (-4)3 
oi = =64 
3x = —63 
Li 7d 


Check: 
W3x—1 =-4 
Vaz 1) =4 
644 
-4=-4 


The solution is —21. 


Example 2 


Solve: Vx —-14+ Vx+4=5 


Solution 


Vx —1+Vxt+4=5 
Vet4=5-Vx-1 
(Vx +4? = (5 - Vx = 1) 
x+4=25-10Vx-1+x-1 
2 =e 
2? = (Vx - 1) 
Ai aa 
5 =x 


5 checks as a solution. The solution is 5. 


® Solve for one of the radical expressions. 


* Square each side. Recall that 
(a — b)?= a? — 2ab + b?. 


* Square each side. 


¢ Solve the quadratic equation by factoring. 











You Try It 1 
Solve: Vx — 8 = 3 


Your solution 


You Try It 2 


Solve: Vx — Vx +5 =1 


Your solution 


Solutions on p. S28 | 
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Objective B=-To solve application problem. ........0..0..c0cccccccccsccessessssscessescesceseeses (&2}) 
A right triangle contains one 90° angle. The side fy, ; 
opposite the 90° angle is called the hypotenuse. Leg ase 
The other two sides are called legs. 
Leg 
POINT OF INTEREST Pythagoras, a Greek mathematician, discovered 
. . & 
ie coor ai this that the square of the hypotenuse of a right triangle a 
Be san becurein a Chinese is equal to the sum of the squares of the two legs. 
text, Arithmetic Classic, This is-called the Pythagorean Theorem. b 
which was first written c=a+b 
around 600 B.c. 


Example 3 You Try It 3 

A ladder 20 ft long is leaning against a Find the diagonal of a rectangle that is 6 cm 
building. How high on the building will the long and 3 cm wide. Round to the nearest 
ladder reach when the bottom of the ladder tenth. 

is 8 ft from the building? Round to the 

nearest tenth. 


Strategy Your strategy 
To find the distance, use the Pythagorean 
Theorem. The hypotenuse is the length of 


the ladder. One leg is the distance from the 
bottom of the ladder to the base of the 
building. The distance along the building 
from the ground to the top of the ladder is 
the unknown leg. 


Solution Your solution 
c=a’rt+b? 
202 = 82 + b? 
400 = 64+ b? 
SoG =D 
(336)? = (b2)1/2 
336 =5 
18.3 ~b 


The distance is 18.3 ft. 


Solution on p. S28 
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Example 4 You Try It 4 
An object is dropped from a high How far would a submarine periscope have 









building. Find the distance the object to be above the water for the lookout to 

has fallen when the speed reaches 96 ft/s. locate a ship 5.5 mi away? The equation for 
Use the equation v = V 64d, where v is the distance in miles that the lookout can 
the speed of the object and d is the see is d = V1.5h, where h is the height in 
distance. feet above the surface of the water. Round 










to the nearest hundredth. 






Strategy Your strategy 
To find the distance the object has fallen, 

replace v in the equation with the given 

value and solve for d. 











Solution Your solution 







= V64d 
96 = V64d 
(96)? = (V64d)? 
9216 = 64d 
144=d 







The object has fallen 144 ft. 





Example 5 You Try It 5 








Find the length of a pendulum that Find the distance required for a car to 

makes one swing in 1.5 s. The equation reach a velocity of 88 ft/s when the 

for the pe of one swing is given by acceleration is 22 ft/s*. Use the equation 
v = V2as, where v is the velocity, a is the 





ee) Dap where T is the time in , , E 
\ 32 S acceleration, and s is the distance. 


seconds and L is the length in feet. 
Round to the nearest hundredth. 







Strategy Your strategy 
To find the length of the pendulum, 

replace T in the equation with the given 

value and solve for L. 











Solution Your solution 


aT 






® Divide each side by 277. 






Square each side. 






Multiply each side by 32. 









Use the 7 key on your 
calculator. 





The length of the pendulum is 1.82 ft. 








Solutions on p. S28 | 
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9.4 Exercises - 


° 
ae ea emer ore een ene a6 @Ne-.6) 116 ase ale Were) sce) ¢ G6 16) 6| jee” 0) 6 6-6 6 © @ @ © © © © « © 8 © 0 & © 0 © 6 @ © © © oF 





Objective A 
Solve. 
1 Vx=5 2. Vy =2 3. Va=3 
4. Wy =5 5. V3x = 12 6. V5x = 10 
7. W4x = —2 8. Vox =-3 9. V2x=-4 
10. V5x = —5 1. V3x—2=5 12. V5x-4=9 
13. V3-2x=7 14. V9-4x=4 15. 7=V1 — 3x 
16. 6= V8 — 7x 17. W4x—1=2 | 18. W5x+2=3 
19. W1—2x = -3 20. 3 — 2x = -2 21. Vox+1=4 
22, V3x49-—12=0 23. V4x —-3-5=0 24. V#=2=4 
250 Ve 345 = 0 26. Wx—2=3 27. W2x-6=4 
28. Vx? — 8x =3 29. Vx2+7%+11=1 30. V4x +1=2 
31. W2x-9=3 B20 Vp 3-2 =1 33. V3x—5-5=3 
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BAN I = 3+ 5 Se 35. Wx —-44+7=5 36. Vor clo, L=4 
| 

B87. Von 25 Ko = 3 88. Viv—- 1-8 ——5 39. \/7 2 — 10 Sone 
| 
| 

40! N/a = 32S 3 Ate ff 23453 42..1—-V4e+3=>5 

43. sre = <1 44, Veil =2V% 45. Vine 4 aoe vee 

46. Vx2+3x-2-x=1 47. Vx? -—4x-1+3=x 48. Vx2 -—3x-1=3 

ADM Ba Filo 3 50, W205 =A 2u- R= al Bin Ag ele 


Sever — 1— V3x—2:=1 535) Vox 4 Vie le 1 54. Vx? +2-3=0 


So 24 0 56) A= 57, Vie ee eee 
58. 4Vx+1-x=1 59. 3Vx-24+2=x 60. x«+3Vx-2=12 





Objective B_ Application Problems 


61. Find the width of a rectangle that has a diagonal of 10 ft anda length 
of 8 ft. 8 ft 
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62. Find the length of a rectangle that has a diagonal of 15 m and a width 
of 9 m. 


63. A 26-foot ladder is leaning against a building. How far is the bottom 
of the ladder from the building when the ladder reaches a height of 
24 ft on the building? 


64. A 16-foot ladder is leaning against a building. How high on the build- 
ing will the ladder reach when the bottom of the ladder is 5 ft from 
the building? Round to the nearest tenth. 





65. An object is dropped from an airplane. Find the distance the object 
has fallen when the speed reaches 400 ft/s. Use the equation 
v = V64d, where v is the speed of the object and d is the distance. 


66. An object is dropped from a bridge. Find the distance the object has 
fallen when the speed reaches 100 ft/s. Use the equation v = V64d, 
where v is the speed of the object and d is the distance. 





67. How far would a submarine periscope have to be above the water for 
the lookout to locate a ship 3.6 mi away? The equation for the distance 
in miles that the lookout can see is d = V1.5h, where h is the height in 
feet above the surface of the water. 


68. How far would a submarine periscope have to be above the water for 
the lookout to locate a ship 4.2 mi away? The equation for the distance 
in miles that the lookout can see is d = V1.5h, where h is the height in 
feet above the surface of the water. 


69. Find the length of a pendulum on a clock that makes one swing in 
2.4 s. The equation for the time of one swing of a pendulum is given 


by T = 27, =, where T is the time in seconds and L is the length in 
feet. Round to the nearest hundredth. 


70. Find the length of a pendulum that makes one swing in 3 s. The equa- 
ee: iL 
tion for the time of one swing of a pendulum is given by T = 2a 


where T is the time in seconds and L is the length in feet. Round to 
the nearest hundredth. 
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Find the distance required for a car to reach a velocity of 60 m/s 
when the acceleration is 10 m/s?. Use the equation v = V 2as, where 
v is the velocity, a is the acceleration, and s is the distance. 


The time it takes for an object to fall a certain distance is given by the 
equation t = , i where t¢ is the time in seconds, d is the distance in 
& 


feet, and g is the acceleration due to gravity. The acceleration due to 
gravity on Earth is 32 feet per second. If an object is dropped from the 
top of a tall building, how far will it fall in 6 s? 


High definition television (HDTV) gives consumers a wider viewing 
area, more like a film seen in a theater. A regular television with a 
27-inch diagonal measurement has a screen 16.2 in. tall. An HDTV 
screen with the same 16.2-inch height would have a diagonal measur- 
ing 33 in. How many inches wider is the HDTV screen? Round to the 
nearest hundredth. 


74. At what height above Earth’s surface would a satellite be in orbit if it is 
: ; 4x 10!4 
? =e oe 

traveling at a speed of 7500 m/s? Use the equation v ine EOE: 
where v is the speed of the satellite in meters per second and h is the 
height above Earth’s surface in meters. Round to the nearest thousand. 

APPLYING THE CONCEPTS 

75. Solve the following equations. Describe the solution by using the fol- 
lowing terms: integer, rational number, irrational number, real number, 
and imaginary number. Note that more than one term may be used to 
describe the answer. 
Avex ea Sk— 7 b. x27 +1=0 Clik) Faas 

76. Solve: V3x —-2=V2x-3+Vx-1 

77. Solve a? + b? = c? for a. 

78. Solve V = sar for r. 

79. Find the length of the side labeled x. 
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| Focus on Problem Solving 


Another Look at Polya’s four general steps to follow when attempting to solve a problem are to 
Polya’s Four-Step understand the problem, devise a plan, carry out the plan, and review the solu- 


A= 1 
B= 2 
C= 3 
D= 4 
B= 5 
F = 6 
G= 7 
H= 8 
= 9 
J =10 
K = il 
E = 12 
M = 13 
N = 14 
O = 15 
P = 16 
O = 17 
R = 18 
Ss =19 
T = 20 
U =21 
V =22 
W = 23 
X = 24 
Y =25 
Z = 26 


Process 


tion. (See the Focus on Problem Solving in the chapter entitled “Factoring.”) 
In the process of devising a plan (Step 2), it may be appropriate to write a 
mathematical expression or an equation. We will illustrate this with the follow- 
ing problem. 


Number the letters of the alphabet in sequence from 1 to 26. (See the list at the 
left.) Find a word for which the product of the numerical values of the letters of 
the word equals 1,000,000. We will agree that a “word” is any sequence of letters 
that contains at least one vowel; it need not be in the dictionary. 


Understand the Problem 


Consider REZB. The product of the letters is 18 - 5 - 26 - 2 = 4680. This “word” 
is a sequence of letters with at least one vowel. However, the product of the 
numerical values of the letters is not 1,000,000. Thus this word does not solve 
our problem. 


Devise a Plan 


Actually, we should have known that the product of the letters in REZB could not 
equal 1,000,000. The letter R has a factor of 9, and the letter Z has a factor of 13. 
Neither of these two numbers is a factor of 1,000,000. Consequently, R and Z 
cannot be letters in the word we are trying to find. This observation leads to an 
important observation: Each of the letters that make up our word must be a fac- 
tor of 1,000,000. To find these letters, consider the prime factorization of 
1,000,000. 


1,000,000 = 2° - 5° 


Looking at the prime factorization, we note that only letters that contain 2 or 5 
as factors are possible candidates. These letters are B, D, E, H, J, P, T, and Y. One 
additional point: Because 1 times any number is the number, the letter A can be 
part of any word we construct. 


Our task is now to construct a word from these letters such that the product is 
1,000,000. From the prime factorization above, we must have 2 as a factor six 
times and 5 as a factor six times. 


Carry Out the Plan 
We must construct a word with the characteristics described in our plan. Here is 
a possibility: 

THEBEYE 


Review the Solution 


You should multiply the values of all the letters and verify that the product is 
1,000,000. To ensure that you have an understanding of the problem, try to find 
other “words” that satisfy the conditions of the problem. 


= 
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Distance to the 


Projects and Group Activities 


In Section 9.4, we used the formula d = V1.5/ to calculate the approximate 


Horizon distance d (in miles) that a person using a periscope / feet above the water could 


Consider the diagram (not to scale) at 
the right, which shows Earth as a sphere 
and the periscope extending h feet above 
the surface. From geometry, because 
AB is tangent to the circle and OA is a 
radius, triangle AOB is a right triangle. 
Therefore, 


Substituting into this formula, we have 


. The distance d is the distance from the top of the periscope to A. The distance . 


see. That formula is derived by using the Pythagorean Theorem. 


(OA)? + (AB)? = (OB)? 





2 | 
3960? + d? = [3960 fe a) ° Because fis in feet, = is in miles. 
| 

2 - 3960 hoy 
cae oe Dele een: pac 
3960? + d? = 3960 5280 h (5) | 


3 De \2 | 
2 Fy ss ae } 
a oe (] | 


d= Wien eee ; 
2 5280 


| 
| 
} 
| 


h 
5280 


At this point, an assumption is made that sh - (ta) ~ V1.5h, where we) 
. 


have written 5 as-1.5. Thus d ~ V1.5h is used to approximate the distance | 


that can be seen using a periscope h feet above the water. 


1. Write a paragraph that justifies the assumption that 


nee () ~ ViS5h 
2 5280 


(Suggestion: Evaluate each expression for various values of h. Because h is the | 
height of a periscope above the water, it is unlikely that h > 25 ft.) | 


along the surface of the water is given by arc AD. This distance, D, can be} 
approximated by the equation 


3 
D =~ V1.5h + 0.306186 st 
5280 


Using this formula, calculate D when h = 10. 
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Pythagorean Triples.~The Pythagorean Theorem states that if a and b 


Key Words 


are the legs of a right triangle and c is the length a S 
of the hypotenuse, then a? + b? = c?. 
b 


Deno Awee, 
c=a +b 


For instance, the triangle with legs 3 and 4 and hypotenuse 5 is a right triangle 
because 3? + 4? = 5?. The numbers 3, 4, and 5 are called a Pythagorean 
triple because they are natural numbers that satisfy the equation of the 
Pythagorean Theorem. 


1. Determine if the numbers are a Pythagorean triple. 
aso), ANG 9 b; 2 S,..5,,ang 17 
c. 11,60, and 61 d. 28,45, and 53 


Mathematicians have investigated Pythagorean triples and have found formulas 
that will generate these triples. One such formula is 


a=m~—-n? b =2mn c=m*+4+n’*,wherem>n 


For instance, letm = 2 andn = 1.sThen'a= 2? — 12 = 3, b = 2(2)(1) = 4, and 
c = 2? + 12 =5. This is the Pythagorean triple given above. 


2. Find the Pythagorean triple produced by each of the following. 
a. m=3andn=1 b. m=S5andn =2 
c. m=4andn=2 d. m=6andn=1 


3. Find values of m and n that yield the Pythagorean triple 11, 60, 61. 
4. Verify that a2 + b? = c? whena = m? — n?, b = 2mn, andc = m? + n’. 


5. The early Greek builders used a rope with 12 equally spaced knots to make 
right-angle corners for buildings. Explain how they used the rope. 


6. Find three odd integers, a, b, c, such that a? + b? = c?. 


Chapter Summary 


The nth root of a is a‘. The expression Wa is another symbol for the nth root of 
a. In the expression Wa ,the symbol V _ is called a radical sign, n is the index, 
and a is the radicand. 
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Essential Rules 


Ifa!” is a real number, then a” = Wa™ = (Wa)”. 


The symbol V _ is used to indicate the positive or principal square root of a 
number. 


The expressions a + b anda — bare called conjugates of each other. The product 
of conjugates of the form (a + b)(a — b) is a* — b?. 


The procedure used to remove a radical from the denominator of a radical 
expression is called rationalizing the denominator. 


A complex number is a number of the form a + bi, where a and b are real num- 
bers and i = V~-—1. For the complex number a + bi, a is the real part of the 
complex number, and b is the imaginary part of the complex number. 


A radical equation is an equation that contains a variable expression in a 
radicand. 





The Product Property of Radicals 
If a and b are positive real numbers, then Vab = WaWb. 


The Quotient Property of Radicals 


Ifa and b are positive real numbers, then ¥'/— = va 
b Wb 


Addition of Complex Numbers 


Ifa + bi andc + di are complex numbers, then 
(a+ bi) + (c+di)=(at+c)+(6+ di. 


Subtraction of Complex Numbers 


Ifa + bi andc + di are complex numbers, then 


(a+ bi) -(c +di)=(a-c)+(b-d)yi. 
The Property of Raising Each Side of an Equation to 


a Power 


If a and b are real numbers and a = b, then a” = b”. 


The Pythagorean Theorem 


The square of the hypotenuse of a right triangle is equal to the sum of the | 
squares of the two legs. | 
c? =a’? +b? 


| 


Chapter Review 


i. 


Simplify: (16x~4y!2)!4(100x%y-2)12 


Multiply: (6 — 5i)(4 + 37) 


Multiply: C7328) 3— 2) 


s nee 
Simplify: Er 


Simplify: V—8a°b” 


eee 


Vx +-V2 





Simplify: 


Simplify: V 18a*b° 


Subtract: 3xW54x8y!0 — 2x2yW/16x5y7 


Multiply: i(3 — 72) 


10. 


123 


14. 


18. 
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Solve: W/3x — 5 = 2 


: 3 ; ‘ 
Rewrite TyW x2 as an exponential expression. 


Solve: V4x +9+10= 11 


Simplify: ma 
y 


Subtract: V50a4b3 — abV18a2b 


pie! 
3i 





Simplify: 


Subtract: (V50 + V—72) — (V162 — V8) 


Multiply: V16x4y V4xy° 


Rewrite 3x3 as a radical expression. 
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Simplify: V—64a°b” 20. Simplify: =~ 

Multiply: V—12V—6 22. Solve: Vx —5+ Vx+6=11 
Simplify: V81a*b? 24. Simplify: V—-50 

Subtract: (—8 + 32) — (4 — 7i) 26. Simplify: (5 — V6) 


Simplify: 4xV12x2y + V3x4y — x°V27y 


The velocity of the wind determines the amount of power generated by a 
windmill. A typical equation for this relationship is v = 4.05 WP , where v 
is the velocity in miles per hour and P is the power in watts. Find the 
amount of power generated by a 20-mph wind. Round to the nearest whole 
number. 


Find the distance required for a car to reach a velocity of 88 ft/s when the 
acceleration is 16 ft/s?. Use the equation v = V2as, where v is the velocity, 
a is the acceleration, and s is the distance. 


A 12-foot ladder is leaning against a building. How far from the building is 
the bottom of the ladder when the top of the ladder touches the building 10 
ft above the ground? Round to the nearest hundredth. 
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oe Bele yaa : ; 
1. Write Be as an exponential expression. 


3. Write 3y*" as a radical expression. 


5. Simplify: (2Vx + Vy) 


7. Solve: Vx + 12 —Vx=2 


9. Multiply: V 3x(Vx — V25x) 


11. Simplify: V32x4y’ 


13. Add: (2 +1) + (2-1) 


10. 


12. 


14. 


Subtract: W54x7y3 — xW/128x4y3 — x?W2xy3 


Multiply: (2 + 5i)(4 — 21) 


2/3 -— 1 


Simplify: — 


rt 


Simplify: Vv 8x3y® 


Subtract: (5 — 21) — (8 — 41) 


Multiply: (2V3 + 4)(3V3 — 1) 


4-2V5 
22/5 





Simplify: 
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15. Add: V18a3 + aV50a 


2x 13, 2), 


17. Simplify: { 


Det eot 


19. Simplify: =a 





21. Simplify: (sr) 


23. Simplify: Sats 
XY 


Gity*).* 


16. Multiply: (Va — 3Vb)(2Va + 5Vb) 


18. simplify: 
X= VY 


20. Solve: W/2x—-2+4=2 


22. Simplify: V27a4b3c7 


24. Multiply: (V—8)(V—2) 


25. An object is dropped from a high building. Find the distance the object has 
fallen when the speed reaches 192 ft/s. Use the equation v = V/64d, where v 
is the speed of the object and d is the distance. 





Cumulative Review 





1. Simplify: 2*- 3 — 4(3 — 4-5) 


3. Simplify: —3(4« — 1) — 2(1 -— x) 


Bo Solve: 2/4 — 2(6 — 2x)} = 4(1 — x) 


7. Solve: 2 + |4 — 3x|=5 


9. Find the area of the triangle shown in the 
figure below. 


18 cm 20 cm 


K——25 cm ——> ] 


11. Find the slope and y-intercept and graph 
3x — 2y = —6. 





13. Find the equation of the line that passes 
through the points (2, 3) and (—1, 2). 


5, “Simplify: 274y_(2-'y~*) 


10. 


12. 


14. 


16. 
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Evaluate 4a2b — a3 whena = —2 andb = 3. 
2 
Solve: 5 — = 4 


Solve: 6x — 3(2x + 2) > 3 — 3 + 2) 


Solve: |2x + 3| <9 


Find the value of the determinant: 


1 2 = 3 
OSL 2 
3 er) 


Graph the solution set of 3x + 2y Ss 4. 





Solve by using Cramer's Rule: 
2x -y=4 
14 + 3y = 5 


Factor: 81x? — y? 
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ne 





Factor x } 2y = 3X 18. Solve P=Gyetone 
Simplify: ey 20. Subtract: V40x3 — x«V90x 
Se Anes 
Multiply: (V3 — 2(V3 5) 22. Simplify: ee 
Simplify: = 24. Solve: V3x —-4+5=1 
The two triangles are similar triangles. 6 7—2m or 
Find the length of side DE. oe i 
18m 
18m 12m 
A D 


An investment of $2500 is made an at annual simple interest rate of 7.2%. 
How much additional money must be invested at an annual simple interest 
rate of 8.4% so that the total interest earned is $516? 


A sales executive traveled 25 mi by car and then an additional 625 mi by 
plane. The rate of the plane was five times the rate of the car. The total time 
of the trip was 3 h. Find the rate of the plane. 


How long does it take light to travel to Earth from the moon when the 
moon is 232,500 mi from Earth? Light travels 1.86 < 105 mi/s. 


The graph shows the amount invested and the annual Osada een aa ee ee 
income from the investment. Find the slope of the line 500 pn ee 
between the two points shown on the graph. Then write i Le i 
a sentence that states the meaning of the slope. OS eee 

TOO Psececcs ec eer en 





Interest 
(in dollars) 





ee eae ee 
0 1000 2000 3000 4000 5000 
Investment (in dollars) 


How far would a submarine periscope have to be above the water for the 
lookout to locate a ship 7 mi away? The equation for the distance in miles 


that the lookout can see is d = V1.5h, where h is the height in feet above 
the surface of the water. Round to the nearest tenth of a foot. 
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Building inspectors evaluate the structural integrity of 
buildings. Inspectors may specialize in structural steel or 
reinforced concrete structures. Before construction begins, 
plan examiners determine whether the plans for the building 
or other structure comply with building code regulations and 
are suited to the engineering and environmental demands of 
the building site. Some of the equations that determine the 
loads various beams can safely carry are quadratic 
equations, the subject of this chapter. 








Quadratic Equations 





Objectives 


Section 10.1 

To solve a quadratic equation by factoring 

To write a quadratic equation given its solutions 

To solve a quadratic equation by taking square roots 


Section 10.2 


To solve a quadratic equation by completing 
the square 


Section 10.3 


To solve a quadratic equation by using the 
quadratic formula 


Section 10.4 
To solve an equation that is quadratic in form 


To solve a radical equation that is reducible to a 
quadratic equation 


To solve a fractional equation that is reducible to a 
quadratic equation 


Section 10.5 
To solve application problems 


Section 10.6 
To solve a nonlinear inequality 








Algebraic Symbolism 


The way in which an algebraic expression or equation is 
written has gone through several stages of development. 
First there was the rhetoric, which was in vogue until the 
late 13th century. In this method, expressions were 
written out in sentences. The word res was used to 
represent an unknown. 


Rhetoric: From the additive res in the additive res results 
in a square res. From the three in an additive res comes 
three additive res and from the subtractive four in the 
additive res comes subtractive four res. From three in 
subtractive four comes subtractive twelve. 


Modern: (x + 3)(x — 4) =x? —x — 12 


The second stage was syncoptic, which was a shorthand 
in which abbreviations were used for words. 


Syncoptic: a 6 in b quad — c plano 4inb + b cub 
Modern: 6ab2 — 4cb + 63 


The current modern stage, called the symbolic stage, 
began with the use of exponents rather than words to 
symbolize exponential expressions. This occurred near 
the beginning of the 17th century with the publication of 
the book La Geometrie by René Descartes. Modern 
notation is still evolving as mathematicians continue to 
search for convenient methods to symbolize concepts. 

















TAKE NOTE 


When a quadratic equation has 
two solutions that are the same 
number, the solution is called a 
double root of the equation. 3 is 
a double root of x2 — 6x = —9. 





Objective A 
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= ~Solving Quadratic Equations 


by Factoring or by Taking 
Square Roots 





To solve a quadratic equation by factOring ........cccccccccceeecsssscseeenees (133) 


Recall that a quadratic equation is an equation of the form ax? + bx +c = 0, 
where a, b, andc are constants anda # 0. 


Quadratic Bx2 at 20, a=3,.. b= —-1,.c=2 
Equations —x?+4=0, a= —1, b=0, c=4 
6x? — Sx = 0, a=6 b=-—5, c=0 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. Because the degree of the polynomial ax? + bx + c is 2, 
a quadratic equation is also called a second-degree equation. 


As we discussed earlier, quadratic equations sometimes can be solved by using 
the Principle of Zero Products. This method is reviewed here. 


The Principle of Zero Products 


If aand bare real numbers and ab = 0, then a= Oor b= 0. 





The Principle of Zero Products states that if the product of two factors is zero, 
then at least one of the factors must be zero. 


=> Solve by factoring: 3x? = 2 — 5x 


3x2 = 2 15x 
3x* + 5x —2 =0 ¢ Write the equation in standard form. 
(3x — 1)\@ +.2)=0 e Factor. 
3x —-1=0 x+2=0 ¢ Use the Principle of Zero Products to write 
two equations. 
3x = 1 a2 © Solve each equation. 
tae 
ne 


; d 1 
; and —2 check as solutions. The solutions are 5 and —2. 


=> Solve by factoring: x7 — 6x = —9 


x — 6x = —9 
x? -— 6x +9=0 * Write the equation in standard form. 
(<= 3)\@— 3) =0 e Factor. 
x-3=0 x-—3=0 © Use the Principle of Zero Products. 
x=3 x=3 e Solve each equation. 


3 checks as a solution. The solution is 3. 
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Example 1 
Solve by factoring: 2x(x — 3) =x +4 


Solution 
2x4 —3)=x+4 
2x? — 6x =x+4 
2x? —-7x -4=0 
(2% H1@=— 4)=0 
2x+1=0 x-4=0 
x=4 


: 1 
The solutions are 25) and 4. 


Example 2 
Solve for x by factoring: x* — 4ax — 5a? = 0 


Solution 
This is a literal equation. Solve for x in 
terms of a. 
a 4ax 5a =10 
(x + a) — 5a) =0 
x+a=0 t= 5a— 0 
x=-a x =S5a 


The solutions are —a and 5a. 





Objective B_ To write a quadratic equation given its solutions........................ (33}) | 


As shown below, the solutions of the equation (x — r,)(x — r,) = 0 are r, and 7. 


71) 7) 0 


het 0 


Fi 


Check Git) —7,) 0 


(= ret) 
OF ar) 


You Try It 1 
Solve by factoring: 2x? = 7x — 3 


Your solution 





You Try It 2 
Solve for x by factoring: x? — 3ax — 4a = 0 


Your solution 


Solutions on p. S29 


Xpoat, aU 
xK=r, 
CHT) 1) = 0 


(Gea) ten =) 
(a 0 


0=0 0=0 
Using the equation (x — r,)(x — r,) = 0 and the fact that r, and r, are solutions of 
this equation, it is tease to write a quadratic equation elven iG solutions. 


= Write a quadratic equation that has solutions 4 and —5, 


Cama =r) = 0 
(x — 4)[x — (—5)] =0 ® Replace r, by 4 and r, by —5. 
@ -— 4)«@ +5) =0 © Simplify. 
x7 + x4 =— 20 =0 © Multiply. 
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ge 


: : : aes Rex ° 2 1 
= Write a quadratic equation with integer coefficients and solutions < and ~ 


3 
@— 1G —7,)= 
2 1 
= ;| [ = te ¢ Replace r, by — and r, by —. 
3 2 
ie 1 
Deer agg fe ‘oly. 
x ae 3 0 Multiply. 
eS il ; ; ‘ 
Gi — ae ar 3 =6-0 ¢ Muitiply each side of the equation by 


the LCM of the denominators. 
6x2 — 7x +2=0 


Example 3 You Try It 3 
Write a quadratic equation with integer Write a quadratic equation with integer 


a : 1 a eer F 1 
coefficients and solutions Bi and —4. coefficients and solutions 3 and — > 


Solution Your solution 
(x= r(x —r,)=0 


(x - 3) - (-4)) = 


(x - $)@ +4) =0 
x2 +ixn-2=0 
2(x? + 2x — 2) =2.- 


2 Abe 
2x7 + 1x4 = 0 Solution on p. S29 } 





Objective C_ To solve a quadratic equation by taking square roots................. (33) 
The solution of the quadratic L7= 16 
equation x? = 16 is shown at 47 16,=10 
the right. (x —4)@ + 4) =0 
x-4=0 x+4=0 
x=4 x=-4 


As shown below, the solutions can also be found by taking the square root of 
each side of the equation and writing the positive and negative square roots of 


the number. The notation x = +4 means x = 4orx = —4. 
ee 165) 
Vx2 = V16 
x= +4 


The solutions are 4 and —4. 


=> Solve by taking square roots: 3x? = 54 


ne 54 
= 18 ¢ Solve for x’. 
o = V18 ¢ Take the square root of each side of the equation. 
x = +V18 = +3V2 ° Simplify. 


3V/2 and —3\/2 checks solutions. The solutions are 3V/2 and —3V2. 
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Solving a quadratic equation by taking the square root of each side of the equa- 
tion can lead to solutions that are complex numbers. 


=> Solve by taking square roots: 2x? + 18 = 0 


2h 18s = 0 
2 AS © Solve for x? 
x7 = =9 
Vx2 = V-9 e Take the square root of each side of the equation. 
x=tV-9 = +31 © Simplify. 
Check: 2x* ++ 18 =0 2x7 +18 =0 
2(3i)? + 18 | 0 2(—3i)? + 18 
2(—9)--al Oa, O 2=9)e-Fas 
aos ct Lome O SSS 





Ox= 0 O=0 
The solutions are 3i and —3i. 


An equation containing the square of a binomial can be solved by taking 
square roots. 


=> Solve by taking square roots: (x + 2)? — 24 =0 
(x + 2)? — 24=0 


(4 2)? = 24 @ Solve for (x + 2)2. 
Vig). — V24 e Take the square root of each 
side of the equation. 
x+2=+V24 = +2V6 © Simplify. 
x+2=2V6 x+2=-2V6 ° Solve for x. 


x= —2+2V6 x= —-2-2V6 


The solutions are —2 + 2V/6 and —2 — 2V6. 


Example 4 You Try It 4 
Solve by taking square roots: Solve by taking square roots: 
8602) 12 0 2@ + 1)? —24=0 


Solution Your solution 
3@ -— 2)? + 12=0 
3@ — 2)? =—12 
(ce —2)* = —4 
V@—2p=V=4 
N=) = SN a eee 

= 27 Need eh 

x=2+2i x=2-2i 


The solutions are 2 + 2i and 2 — 23. 


Solution on p. S29 
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10.1 Exercisés 


o 0) @ 
ee eee Seren Senses Tks. |e Wier lal ke! ss ple Vee) ap 6 6 6 6 6 « « © © @ 6 «© © @. ~ 0 «© © #0 @ efe © © 6 616 


Objective A 


Solve by factoring. 


tT. x7 — 4x = 0 2. y*+ 6y=0 3. ¢—25=0 

4. p?-81=0 re 55 s* 1s —6= 0 6. v%+4v-5=0 
7. y? —6y +9=0 83 x? +410%' + 25 = 0 9. 927 — 18z =0 
10. 4y?+ 20y =0 ier — 3710 12. p?+5p=6 

13. v?+10=7v 14. ¢? -— 16 = 15¢ 15) 24°97 13 — 0 
16. 3y7-4y-4=0 17: 4z7*=— 9z +2:=0 18. 2s? —9s +9 =0 
19. 3w*+ 1lw=4 2023272 7 — 6 21. 6x? = 23x + 18 
22. 6x2 =7x —2 23. 4-15u — 4u2=0 24. 3—2y— 8y2=0 
25. 24-18 — x — 6) 26. t+24=t(t + 6) 27. 4s(s + 3)=s-—6 
28. SvV(Ve=2):= liv a6 29.6 u>= 2u + 4 = (2u — 3)(u + 2) 


30. (3v — 2)(2v + 1) = 3v? — 11v - 10 81.) Gr 4a +4) =x? — 3x = 28 
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Solve for x by factoring. 


32. x2 + 14ax + 48a2 =0 33. x2 — 9bx + 14b2 =0 34. x2 + Oxy — 36y* = 0 


35. x2 — 6cx — 7c? = 0 36. x2 —ax — 20a* =0 37. 2x2+ 3bx +b? =0 


3x2 — 1dax + 8a? = 0 . 3x2 — Llxy + 6y2=0- 


4x? + 8xy + 3y? =0 


6x2 — Liex + 3c2 = 0 . 6x2 + llax + 4a2 =0 . 12x? — 5xy -— 2y2=0 


Objective B 


Write a quadratic equation that has integer coefficients and has as 
solutions the given pair of numbers. 


47. 2and5 48. 3and1 
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62> 2 and = ee 63. -= and 2 64. -> and 5 
65. -2 and —2 66. -3 and —1 67. -= and ‘ 
68. -5 and 5 P 69. ; and 5 70. : and ° 
71. 2 and —3 Hae = and 5 13: —Zand -5 
| 74. -2 and -= 15. 2 and 4 76. 7 and -; 
Objective C 
Solve by taking square roots. 
77. y? = 49 78. x? = 64 / 79. 227=—-4 
80. v2? = —-16 pat s*-4=0 S2 abi Se3OaO 
83. 4x?-— 81=0 84. 9x*- 16=0 85. y7+49=0 
86. 27+ 16=0 87. v*— 48 =0 88) s?~32:=0 
89. 7r?7—75=0 90. u?—-54=0 OP 16 0 
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92. #2+27=0 93. (x — 1)? = 36 94. (C2)a= 28 

OSs 3)- = 27 96. 4(s — 2)? = 36 97. 5(z + 2)? = 125 
1? 1 eee 

98. 2(y — 3% = 18 99. [v - 5 a 100.) ear 

101. (x +5)?-6=0 102. (¢- 1)? -15=0 

103. (v — 3)? + 45=0 104. (x +5)? + 32=0 

Ie 1\2 
105. (u- 4) —18=0 106. {z— 5] —20=0 


APPLYING THE CONCEPTS 
Write a quadratic equation that has as solutions the given pair of numbers. 


107. V2and -V2 108. 2iand —2i 109. 3V2 and —3V2 110. 2iV3 and -2iV3 


Solve for x. 


111. 4a’x* = 36b7,a>0,b>0 1125 “(4 Fa)? 4 =0 113. (2x —- 17? =e +37 


114. Show that the solutions of the equation ax? + bx =0,a>0,b>0, 
b 
Y are 0 and ae. 


115. Show that the solutions of the equation ax? +c =0,a>0,c> 0, 
y Vea . Vea . 
are i and Pires 


a 





116. Explain why the restriction that a # 0 is given in the definition of a 
VA quadratic equation. 
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Solving Quadratic Equations by 
Completing the Square 





apa 


bjective A To solve a quadratic equation by completing the square............ {34} 


Recall that a perfect- 
square trinomial is 
the square of a 
binomial. 





For each perfect-square trinomial, the 


2 
x 8x 16, [5-8] = 16 


square of 5 of the coefficient of x equals 


1 2 
the constant term. x? — 10x + 25, [5-19 = 25 
1 a 2 1 2 
5 coefficient of x} = constant term x?+ 2axt+a’*, |=-2a) =a’ 
POINT OF INTEREST This relationship can be used to write the constant term for a perfect-square tri- 
Early attempts to solve nomial. Adding to a binomial the constant term that makes it a perfect-square 
quadratic equations were trinomial is called completing the square. 


‘primarily geometric. The 
Persian mathematician 
al-Khowarizmi (c. A.D. 800) > Complete the square on x2 a 12x. Write the resulting perfect-square (el 


Bolly ere ed asciiete as the square of a binomial. 
of x? + 12x as follows. 


1 a 
[52] =—16))25=250 ® Find the constant term. 
alex 4 30 ® Complete the square on x? + 12x by adding the 
constant term. 
6x 
a 412% + 36 = @ +6)" © Write the resulting perfect-square trinomial as the 





square of a binomial. 


=> Complete the square on z* — 3z. Write the resulting perfect-square trinomial 
as the square of a binomial. 


1 2 Bea a9: 

ps ={—=]) =— ® Find th tant term. 
| ( 3)| ;| i ind the constant term 

2 9 2 . 
Cae * Complete the square on z* — 3z by adding the 

; constant term. 

2 9 o\7 g : oe 

Leet a =(z- 5 e Write the resulting perfect-square trinomial as 


the square of a binomial. 


Any quadratic equation can be solved by completing the square. Add to each side 
of the equation the term that completes the square. Rewrite the equation in the 
form (x + a)* = b. Take the square root of each side of the equation. 


a 


a 
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=> Solve by completing the square: x? — 6x — 15 = 0 
COS Oe a ea) 
HP —w 6-5 e Add 15 to each side of the equation. 
Cuneta Ge 15 £9 e Complete the square. Add 
2 
i-8) = (—3)? = 9 to each side of 


the equation. 


(x — 3)? = 24 e Factor the trinomial. 
Vix — 3) = V24 * Take the square root of each side of the 
equation. 
x—3=+V24 ¢ Solve for x. 
x-3=+2V6 


x-3=2V6 x-3=-2V6 
=3+2V6 x=3-2V6 


Check: 
x2 — 6x -15=0 
(3 + 2V6)? — 6(3 + 2V6) — 15 | 0 
120/624 18 eV 6 = 1560 


0=0 


x2 -— 6x -15=0 


(3 — 2V6)? — 6(33 — 2V6) — 15 | 0 
OP 12/6 £4 = 18210 6 SIO 
0=0 


The solutions are 3 + 2V6 and 3 — 2V6. 


=> Solve by completing the square: 2x2 — x — 2 =0 


In order for us to complete the square on an expression, the coefficient of the 
squared term must be 1. After adding the opposite of the constant term to 


each side of the equation, multiply each side of the equation by > 


2x 10 
ee ¢ Add 2 to each side of the equation. 
1 1 : 
5 (2x? —x)= ae 2 ¢ Multiply each side of the equation by. 
1 
| * The coefficient of x? is now 1. 


2 


POINT OF INTEREST 


Mathematicians have studied 
quadratic equations for 
centuries. Many of the initial 
equations were a result of 
trying to solve a geometry 
problem. One of the most 
famous, which dates from 
around 500 B.c., is “squaring the 
circle.” The question was “Is it 
possible to construct a square 
whose area is that of a given 
circle?” For these early 
mathematicians, to construct 
meant to draw with only a 
straightedge and a compass. It 
was approximately 2300 years 
later that mathematicians were 
able to prove that such a 
construction is impossible. 
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= pines 299 " oes rg ote ° Complete the square. Add 
2 ENG 16 S(-$)/ =(-4) = 7 5 ideal 
2\72 a = 7g to each side o 
the equation. 
{bn aaa 7) 
Mae a Pr6 ® Factor the perfect-square trinomial. 
1 \2 Lg 
ie ii = 16 ¢ Take the square root of each side of the equation. 
peel : 
4 e Solve for x. 
fe ile 1 V17 
= Nene te a 
4 4 4 + 
Beet © 1? te 
4. 4 es ee 
The solutions are ae d ae 


The solutions of the quadratic equation in the example below are complex 
numbers. 


=> Solve by completing the square: x? — 3x + 5 =0 
34 4+5=0 














x7 — 3x = =5 e Add the opposite of the constant 
term to each side of the equation. 
9 
CO e Add to each side of the equation the 
4 a 
term that completes the square on 
x? — 3x. 
3 ba 
SS | e Factor the perfect-square 
2 4 uae 
trinomial. 
ate il : 
x—-—|] = = a e Take the square root of each side 
- of the equation. 
3 iV 11 
ae ae © Simplify. 
Oma it 3 iN Ul eaite ror 
—-—= SS e Solv x. 
ae a) ‘te 2 2 
ev) Pee a 
oe > eS 
any Vu; and > — Mil; check as solutions. 
2 2 2 2 
en Bev il . pee VL 
The solutions are sultant and Reet: 
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Example 1 
Solve by completing the square: 
4x? — 8x +1=0 


Solution 
4x? — 8x +1=0 
4x? —- 8x = -1 


Lee eel ee 
4 (4x 8x) = 7( 1) 
x? -2x = of 


-w+1=-F4+1 








8 square. 
ey 
Ve-1 = 
eS. 
Xx Vato 
V3 v3 
eee Se 
r=i+%3 r=1-%3 
LR _2-Vv3 
2 it —402 


Example 2 
Solve by completing the square: 
2+ 4%+5=0 


Solution 
x?+4x+5=0 
x? + 4x = —5 
xv+4x+4=-54+4 
2) == 1 
VEE Dat 
et 2 Si 
LL 4 Mee Zed 
CSS 2 1 A= 


The solutions are —2 + i and —2 —i. 


® The coefficient of 
x? must be 1. 


© Complete the 


* Complete the square. 


You Try It 1 


Solve by completing the square: 


4x? - 4x -1=0 


Your solution 


You Try It 2 


Solve by completing the square: 


2x7 +x-5=0 


Your solution 


Solutions on p. S29 
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10.2 Exorclsae 


ih ne eres eee ele tare oe teis (elle ele) 9) el ee) ellells 0 6 6 «8 © @ ee 8 6 6 6 © 6 6 8 ee ee elt 8 8 ee ee 





Objective A 


1. What is the meaning of the phrase “complete the square”? 


2. Write out the steps for solving a quadratic equation by completing the 


Y square. 


Solve by completing the square. 


Sea — 4x — 5 =0 4. y?>+6y+5=0 5.74 8y— 9 =0 
6. w* — 2w —24=0 Tse l67 479 = 0 8. u2?+10u+25=0 
On 7? + 4r— 7 =0 10. s?+6s—1=0 Ui Ove 
12. y2+ 8y+13=0 13. 2—22+2=0 14. 2-4t+8=0 
15. 1s? — 5s 5240 16. v2+7%-44=0 — Ve oer 
18. y?-9y+20=0 19. p?-3p+1=0 20. r2-5r—-2=0 
21. ##-—t-—1=0 22. uz-—u-7=0 23. y?- b6y=4 

24. w*+ 4w=2 Dake =eok eat 26. 27=4z-3 

27. v7 =4y — 13 2826? SR 2X 29. p? + 6p = -13 


30. x? + 4x = —20 31.297 2y H17 32: x7b) 100.17 





550 


Chapter 10 / Quadratic Equations 


33. z2=z+4 34507? = 3r —1 352 27 
36. 67 — 7v = 3 37. 4x7-4x+5=0 38. 472-4¢+17=0 
39. Ox? —16%,,+ 2;= 0 40. 9y?- 12y + 13 =0. 41. 2s*=4s+5 
42. 3u*=6u +1 43, 2r?=3-r 44, 2x? = 12 — 5x 
45. y—2=(y — 3) + 2) 46. 8s — 11 =(s — 4\(s — 2) 

47. 6¢ —2 = (2t — 3)(¢ — 1) 48. 27+ 9 =(2z + 3)(z + 2) 

49. (x -4)(«*4+ 1)=x-3 50. (y — 3)? = 2y + 10 

APPLYING THE CONCEPTS 


Solve by completing the square. Approximate the solutions to the nearest thousandth. 


51. 27+27=4 52. 2-—4t=7 53. 2x7 =4x— 1] 


Solve for x by completing the square. 


54. x2 -—ax -2a2=0 - 55. x2 + 3ax — 4a2 =0 56. x2 + 3ax — 10a2 =0 


57. After a baseball is hit, the height (in feet) of the ball above the 
ground ¢ seconds after it is hit can be approximated by the equation 
h = —16t? + 70t + 4. Using this equation, determine when the ball will 
hit the ground. (Hint: The ball hits the ground when h = 0.) 


58. After a baseball is hit, there are two equations that can be considered. 
One gives the height h (in feet) the ball is above the ground ¢ seconds 
after it is hit. The second is the distance s (in feet) the ball is from home 
plate ¢ seconds after it is hit. A model of this situation is given by 
h= 161? + 70¢+ 4 and s = 44.5t. Using this model, determine 
whether the ball will clear a 6-foot fence 325 ft from home plate. 
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goer 
10. 3 Solving Quadratic Equations by 
_ Using the Quadratic Formula 





os 
ST 


hei: A To solve a quadratic equation by using the 


SUT PICIE REI FORIVA TIM cs oe ho Ai cordon Bee sys war Panrcnanrihevvenneearener {34} | (25)) 


A general formula known as the quadratic formula can be derived by applying 
the method of completing the square to the standard form of a quadratic equa- 
tion. This formula can be used to solve any quadratic equation. 


Solve ax* + bx + c = 0 by completing the square. 

ax + bee 10 
Add the opposite of the constant term ax? +bx+c+(-c)=0+ (-c) 
to each side of the equation. 








aK = = 
Multiply each side of the equation by dig + bx) = i 6) 
the reciprocal of a, the coefficient of x?. a @ 
v+2x = —< 
a a 
Complete the square by adding + b fe Doe DELS e, 
2 2 x? 36 —S|{ = ——— — — 
E | ne ; to each side of the a 4a* 4a* a 
Qed. 4a 
equation. 
2 2 
Simplify the right side of the equation. x? + oe - ae = ais ae 
a 4a 4a a 4a 
x2 ae 70 = a = 4ac 
4q° “Age VAG? 
x2 See ee aa = De tae 
a 4a? 4a’ 
2 Bs 
Factor the perfect-square trinomial on (: tr 2) Ee au 
the left side of the equation. 2a 4a 
2 oe 
Take the square root of each side of the (: e 2) = A ae 
equation. a z 
b b* — 4ac 
Dose — ste 
Z 2a 
Lene " b* — 4ac went b? — 4ac 
: — = —_— DU a 
mma 2a 2a 2a 2a 
ee b* — 4ac oar b* — 4ac 
2a 2a 2a 2a 
_ —b + Vb? — 4ac _ -b — Vb? = 4ac 
Pl 2a 2a 


POINT OF INTEREST 


Although mathematicians have 
studied quadratic equations 
since around 500 B.c., it was not 
until the 18th century that the 


The Quadratic Formula 


The solutions of ax? + bx + c=0,a#0, are 


formula was written as it is —ph+ Vb? — 4ac 2h — \/ h2 — 4ac 
today. Of further note, the word ares and aS 


quadratic has the same Latin 
root as does the word square. 
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—b + Vb? — 4ac 


The quadratic formula is frequently written as x = a 


=> Solve by using the quadratic formula: 2x? + 5x + 3 =0 


From the standard form of the equation, a = 2, b = 5, andc = 3. Replace a 
b, and c in the quadratic formula with these values. 











Lb Noe = Age 
TAKE NOTE MAG Ja 
The solutions of this quadratic x (9) V0) 42)@) mA habe = 3 
equation are rational numbers. 2(2) ; 
When this happens, the BN BPA 
equation could have been ee an eee 
solved by factoring and using 4 
the Principle of Zero Products. —5+V1 -5+1 
This may be easier than = = 
applying the quadratic formula. ms a 
el 1 =o palhy tO 3 
x= —— — x= a SS 
4 ot + 2 


The solutions are —1 and -5. 


=> Solve by using the quadratic formula: 3x? = 4x + 6 
Write the equation in standard form. 


3x* = 4x + 6 
3x? — 4x —-6 = 0 ® Subtract 4x and 6 from each side of the equation. 


From the standard form of the equation, a = 3, b = —4, andc = —6. Replace 
a, b, and c in the quadratic formula with these values. 


Pa —b + Vb? — 4ac 
2a 
a?) 2G Oo) 
2(3) 
_ 4+ V16 — (-72) 
6 
_4+V88 44222 


6 6 
DIZON 22 Soy? 


°° a=3,b=—4,c=-6 











Zo 3 
Check: 
3x2 = 4x + 6 3x2 = 4x +6 
2 
(2+) 42222) + 6 3(2= 2) 42) + 6 
sR oa) ie ($2 +22) 8 _ 4V22 , 18 
9 3 3 3 9 3 3 3 
3(22+22) 26 , 4V22 3(26-4V22\ | 26 4v22 
9 3 3 9 3) Cems 
26+ 4V22 _ 26 +4V22 26-4V22 _ 26 - 4V22 
3 3 3 wf 3 
The solutions are 2* V2 and ey 
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“> Solve by using the quadratic formula: 4x? = 8x — 13 








Ax? = &x — 13 
4x? — 8x + 13 =0 @ Write the equation in standard form. 
—b + Vb? — 4ac : 
x= Ree Te ® Use the quadratic formula. 
=) its —8 —4-4-13 
_8t V64—208 8+V—144 
8 8 
aS 121) 24 SL 
8 Z 


The solutions are 1 + Si and 1 — Si. 


Of the three preceding examples, the first two had real number solutions; the 
last one had complex number solutions. 


In the quadratic formula, the quantity b? — 4ac is called the discriminant. When 
a, b, and c are real numbers, the discriminant determines whether a quadratic 
equation will have a double root, two real number solutions that are not equal, 
or two complex number solutions. 


THE EFFECT OF THE DISCRIMINANT ON THE 
SOLUTIONS OF A QUADRATIC EQUATION 


1. If b? — 4ac = 0, the equation has one real number solution, a double root. 
2. If b? — 4ac > 0, the equation has two unequal real number solutions. 
3. If b? — 4ac < 0, the equation has two complex number solutions. 


=> Use the discriminant to determine whether x? — 4x — 5 = 0 has one real 
number solution, two real number solutions, or two complex number 


solutions. 

b? — 4ac e Evaluate the discriminant. a = 1, b= —4, c= —5 
(—4)2 — 4(1)(—5) = 16 + 20 = 36 

36>0 


Because b? — 4ac > 0, the equation has two real number solutions. 


Example 1 Solve by using the quadratic You Try It1_ Solve by using the quadratic 
formula: 2x? —-x+5=0 formula: x* — 2x + 10 =0 


Solution 2x2-—x+5=0 Your solution 
a@=2, b>—1,¢=5 


_ =—b + Vb? — 4ac 
2a 
_ -C1) + VE1? = 4206) 
aD 
_1+V1—40 __ 1+V-39 
made * 4 
_ 1+iV39 
=== 


3 fe a3 V39. 
The solutions are 7 te ed a arena 


1 
4 4 





Solution on p. S29 | 
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Example 2 
Solve by using the quadratic formula: 
2x? = (x — 2)(x — 3) 
Solution 
2x? = (x — 2)(x — 3) 
2x? = x2 — 5x +6 
x? + 5x-6=0 
a@=1,b=55c = -—6 
=Di-N/ba— 4ac 

2a 
-5 + Vt — a6) 

Ze 

—5 + V25 + 24 


x= 


—5 + V49 











2 =e 
yp Z 


The solutions are 1 and —6. 


Example 3 

Use the discriminant to determine whether 
4x* —2x + 5 = 0 has one real number 
solution, two real number solutions, or two 
complex number solutions. 


Solution 
a=4,b=-2,c=5 
b? — 4ac = ( —2)? — 4(4)(5) 
= 4-—- 80 
= —76 
—76<0 


Because the discriminant is less than zero, 
the equation has two complex number 
solutions. 








You Try It 2 
Solve by using the quadratic formula: 
4x? = 4x-1 


Your solution 


You Try It 3 

Use the discriminant to determine whether 
3x? — x — 1 = O has one real number 
solution, two real number solutions, or two 
complex number solutions. 


Your solution 





Solutions on p. S30 } 
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10.3 Exercists 


ee ee 
i a ee aoe Oe ee eee eee hee te 006. 1058) 6) 6p OL) CLO .e Be 0.8) 6 @ 6) 6 10.210, ©) 0 0-.0...0 0 fe, © 0. © 0) ee « Sete © @& 





Objective A 


Solve by using the quadratic formula. 


1. x2?-3x-—10=0 


4. 27 — 32—-40:=0 


7. v?=24—-5v 


10. 4p? —7p+3=0 


13. x? = 14x — 24 


16. 6w? = 19w — 10 


19. y2—-2y+5=0 


22. t27-—6t+10=0 


25.2 + 6x +t.) — 0 


Use the discriminant to determine whether the quadratic equation has 
one real number solution, two real number solutions, or two complex 


number solutions. 


2S 22 ae, + 5 — 0 


31. 4x2+ 20x + 25=0 


11. 


14. 


Ez: 


20. 


23. 


26. 


29. 


32) 


z7—-4z-8=0 


w2 = 8w + 72 


2 x7=18 — 7x 
8s? = 10s + 3 
v2 = 12v — 24 


wo Lal — 0 


x27+6x+13=0 


2w2? -2w+5=0 


2y2 + 2y +13 =0 


3y?+y+1=0 


237. 715=0 


3. 


6. 


© 


12. 


15. 


18. 


21. 


24. 


27. 


30. 


35. 


y? + 5Syi— 36 = 0 


t? = 2t + 35 


2y? + 5y —-3 =0 


127? = 54 +2 


2z? —2z-1=0 


p?-—4p+5=0 


s?— 4s + 13 =0 


4v? + 8v+3=0 


4t? -—6t+9=0 


9x2 — 12x + 4=0 


3w2 + 3w —2=0 
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APPLYING THE CONCEPTS 


34. Name the three methods of solving a quadratic equation that have been 
y discussed. What are the advantages and disadvantages of each? 


For what values of p does the quadratic equation have two real number solu- 
tions that are not equal? Write the answer in set-builder notation. 


35.4 — Ox +p = 0 36. x? + 10x+p=0 


For what values of p does the quadratic equation have two complex number 
solutions? Write the answer in set-builder notation. 


ai. t0— 2642p = 0 38. x7+4x+p=0 


39. Show that the equation x? + bx — 1 = 0 always has real number solu- 
tions regardless of the value of b. 


40. Can the quadratic formula be used to solve any quadratic equation? If 
y so, explain why. If not, give an example of a quadratic equation that 
cannot be solved by using the quadratic formula. 


41. One of the steps in the derivation of the quadratic formula is 


2 2 
Y x + 2 =+, Ez ons Pao Carefully explain the occurrence 


of the + sign. (Hint: Recall that Vx? = lx|.) 





42. Survival of the Spotted Owl The National Forest Man- 
¢ agement Act of 1976 specifies that harvesting timber in 
* national forests must be accomplished in conjunction 
with environmental considerations. One such consider- 
ation is providing a habitat for the spotted owl. One 
model of the survival of the spotted owl requires the 





ets 


solution of the equation x? — sx — s.sf = 0 for x. Dif- Sore ns ie, se ee rite Spotledowty 
A p Oui O; rgraduate [a 1CS Gi Ss 
ferent values of Sqr Six Ss and f are given in the table at Application vol.11, no. 2, 1990. 


the right. The values are particularly important because 

they are related to the survival of the owl. If x > 1, then 

the model predicts a growth in the population; if x = 1, 

the population remains steady; for x < 1, the popula- 

tion decreases. The important solution of the equation 
is the larger of the two roots of the equation. 

a. Determine the larger root of this equation for values 
provided by the U.S. Forest Service. Round to the 
nearest hundredth. Does it predict that the popula- 
tion will increase, remain steady, or decrease? 


b. Determine the larger root of this equation for the 
values provided by R. Lande in Oecologia (vol. 75, 
1988). Round to the nearest hundredth. Does it pre- 
dict that the population will increase, remain steady, 
or decrease? 
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Solving Equations That Are 
Reducible to Quadratic Equations 





Objective A_ To solve an equation that is quadratic in fOrmM .............2.2...00000000-+- 736) | frac} 


Certain equations that are not quadratic can be expressed in quadratic form 
by making suitable substitutions. An equation is quadratic in form if it can be 
written as au? + bu +c = 0. 


The equation x4 — 4x? — 5 = 0 is quadratic in form. 


x*—4x2-5=0 
(x2)? — 4(x7) -5 =0 e Let x? =u. 
u2— 4u—-5=0 


The equation y — y!” — 6 = 0 is quadratic in form. 


Wa Vn 0 =0 
(yoy (y'2)—6=0 © Let y'#2 =u. 
u*—u—-6=0 


Here is the key to recognizing equations that are quadratic in form: When the 
equation is written in standard form, the exponent on one variable term is : the 
exponent on the other variable term. ‘ 

\ 


=> Solve: z + 7z!2 — 18 = 0 


zZ+tiz*—18=0 


(z!2)2 + 7(z'2) — 18 =0 The equation is quadratic in form. 
u? + Tu — 18 =0 e Letz’2=u. 
(u — 2)(u+ 9)=0 ® Solve by factoring. 
u—2=0 u+9=0 
u=2 u=-—9 
gue) Zo ° Replace uw by z’2. 
Vaq2 Vz=-9 
(Vz? = 22 (Vz? = (-9/) © Solve for z 
z=4 z=81 
TAKENOTE Check each solution. 
pple Check: z+ Tz! —18=0 z+ 7e'2 — 18 =0 
resulting equation may have _ 4+7(4)2—18 | 0 81 + 7(81)#2 — 18 | 0 
eS ArT 18 8017-918 
-— 4414-18 81 + 63 — 18 
0=0 126 #0 


4 checks as a solution, but 81 does not check as a solution. 
The solution is 4. 
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Example 1 


Solution 


Solve: x4 + x2 — 12 =0 


x4++x?-—12=0 
4) =i — 0 
uz+u—12=0 
(u— 3)u+4)=0 


u— 3—=0 ut4—O0 
u=3 u=—4 
Replace u by x2. 
3S eS — 
Va V3 Vx2=V-4 
x=+V3 x= +2i 
The solutions are V3, —V3, 
2i, and —2i. 


You Try It1 Solve: x — 5x!2+6=0 


Your solution 


Solution on p. S30 





Objective B_ To solve a radical equation that is reducible to a 


TAKE NOTE 


You should always check your 
solutions by substituting the 
proposed solutions back into 
the onginal equation. 


quadratic equation..............002020220062 


Certain equations that contain radicals can be expressed as quadratic equations. 


=> Solve: Vx +2+4=x 


Vx+2+4=x 
Viv 2i—=x%—4 


(Vx +2P=@— 4? 
x+2=x*— 8x+ 16 
0 = x*-— 9x + 14 
0 = & — 7) — 2) 
££ i= 02 x2. —=10 
x=7 x=2 


Check: Vx+2+4=x 





7=7 


® Solve for the radical expression. 

* Square each side of the equation. 

* Simplify. 

* Write the equation in standard form. 


® Solve for x. 


Vx+24+4=x 





6#2 


7 checks as a solution, but 2 does not check as a solution. 


The solution is 7. 


Section 10.4 / Solving Equations That Are Reducible to Quadratic Equations 559 






















Example 2 You Try It 2 


Solve: V7y — 3 + 3 = 2y Solve: V2x +1+x=7 


Solution Your solution 


Viy—3+3=2y 
Vii a= 2y = 3 
(Vy — 3 = Qy — 3 
Ty — 3 = 4y? —- 12y + 9 
0 = 4y? — 19y + 12 
0 = (4y — 3)(y = 4) 
4y —-3=0 y—4=0 
4y =3 y=4 


ee 
oA 






4 checks as a solution. 
: does not check as a solution. 


The solution is 4. 



























Example 3 You Try It 3 
Solve: V2y + 1 — Vy = 1 Solve: V2x — 1+ Vx =2 
Solution Your solution 
V2y+1-Vy=1 
Solve for one of the radical expressions. 

V2y+1=Vy+1 


(V2y + 1)? = (Vy + 1? 
2yt+1=yt2Vyt+1 
y =2Vy 
Square each side of the equation. 
y = (2VyP 
eek 
Yor 0 
VO) et) 0 
y=0 y—4=0 
y=4 


0 and 4 check as solutions. 





The solutions are 0 and 4. 


Solutions on p. S30 
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Objective C_ To solve a fractional equation that is reducible to a 


Quadratic Equation sssit isceserovesscdtacansies pris x0 Rigo tereatsnan aegttnoteni i Mam T36)) 


After each side of a fractional equation has been multiplied by the LCM of the 
denominators, the resulting equation may be a quadratic equation. 





= Solve: 1+— =3 
r+ 2 
peste ee 
fet lee 
1 1 3 : : é 
2r(r + 1){— + —] = 2r(r + 1)-= ® Multiply each side of the equation 
aaa a by the LCM of the denominators. 


2r + 1)+2r=r(r+1)-3 
2r + 2 + 2r = 3r(r + 1) 
4r + 2 = 3r2 + 3r 
0 = 3r2?-r—2 e Write the equation in standard form. 
0 = Gr + 2)(r - 1) ® Solve for rby factoring. 


3r+2=0 r—1=0 
Sf 2 r=1 

Z 

ne 3 


2 
ea? and 1 check as solutions. The solutions are —= and 1. 


3 


Example 4 
Solve: —2— = 2x + 1 
63 


Solution 
9 
9 = ss 
(x - 3) eaars = (x —3)(2x + 1) 


9 = 2x? — 5x —3 
O= 247 — 5x 12 
0 = (2x + 3)@ — 4) 


=-3 x=4 
x=-3 
iD 


3 2 
5 and 4 check as solutions. 


, 3 
The solutions are — 5 and 4. 


3 


You Try It 4 
25 


Solve: 3y + 5 


3y 


Your solution 


Solution on p. S30 | 
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Objective A 
Solve. 


1. x*— 13x27 + 36=0 


4. t*-— 1212+27=0 


7. x—x'2-12=0 


10. y* + 5y2—36=0 


13. p+2p'!? —24=0 


iGaee z= 6 = 0 





Objective B 


Solve. 


19. Vx+t1+4+x=5 


222.N2y¥—1=y —.2 


25-9 VAY tL ygeel 








2. y*—5y2+4=0 


Sip, = op lees 0 


8. w— 2w!?—-15=0 


11. x*++ 12x? -64=0 


14. v+3v!2-—4=0 


17. 9v*— 13w?+4=0 


20. Vx—-—4+x=6 


23. V3wt+3=wil 


26. V3s + 4+ 2s = 12 


3. z*-— 627+8=0 


6. v—7v'2+12=0 


OFezt + 322 4 0 


125.x7— 8ti= 0 


15. y23— 918+ 8=0 


18. 4y4 — 7y? — 36 =0 


21. x=Vx+6 


24: V2is+1—s— 1 


21, NV lO 5 = 2x 4 
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28. Vt+8=2t+1 29. Vp+11=1-—p 30. x -7=Vx—-5 
31. Vx—-1-Vx=-1 32. Vy+1=Vy+5 33. V2x-—1=1-—Vx-1 


S45 VETO Ver? = 2 35., Vito + Vote o - 36.. V5 92k V2 2 









































Objective C 
Solve. 
10 5 linen 
oie 5 oo ae eee 
2v 5 Vanal 2p —1 
= .——+ty= 42. +p=8 
“A ed et ef ye? y ‘ie 78 E 
3r+2 2v+3 2 1 
— 2r = IVs 
43 ees 2r 44 ey 3v —4 45 era, © 3 
3 2 16 16 2D i 
46. — = 47. ap = 2 er 
So 2s Die 2. tee e .* Sabre : 
t 2D 4t+1 3t-1 5 4 
49. ——4—— = 4 50. + es a 
t-2 t-1 fide HRCI a pels eal Z 
APPLYING THE CONCEPTS 
Solve. 
52. (Vx — 2) —5Vx + 14=0 53, “(Wx £3) — 4Ve— 170 


Hint: Let u = Vx — 2s Hint: Let u = Vx oe 
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Applications of 


Quadratic Equations 





Objective A Tosolve application problems......6.......cscccssssesssssessessessessessesessesees (@7)) s 


The application problems in this section are similar to problems solved earlier 
in the text. Each of the strategies for the problems in this section will result in a 


quadratic equation. 


=> A’small pipe takes 16 min longer to empty a tank than does a larger pipe. 


Working together, the pipes can empty the tank in 6 min. How long would it 


take the smaller pipe working alone to empty the tank? 


Strategy for Solving an Application Problem 


1. Determine the type of problem. Is it a uniform motion problem, a 


geometry problem, an integer problem, or a work problem? 





The problem is a work problem. 


2. Choose a variable to represent the unknown quantity. Write 
numerical or variable expressions for all the remaining quantities. 
These results can be recorded in a table. 





The unknown time of the larger pipe: ¢ 
The unknown time of the smaller pipe: t + 16 





3. Determine how the quantities are related. 


6 a 6 =] ¢ The sum of the parts of the task 
ft £416 completed must equal 1. 


6 
— 4 = t(t + 16)-1 
aur 10)(¢ t+ ia) ¢ ) 


(t + 16)6 + 6t = t? + 16t 
6t + 96 + 6t = t? + 16t 
0 = 77 + 4t — 96 
0 = (¢ + 12)(t — 8) 
t+12=0 t—8=0 
t— 12 t=8 


Because time cannot be negative, the solution t = —12 is not possible. 








The time for the smaller pipe is ¢ + 16. 
t+16=8+ 16= 24 e Replace ¢ by 8 and evaluate. 


The smaller pipe requires 24 min to empty the tank. 
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Example 1 You Try It 1 

In 8 h, two campers rowed 15 mi down a The length of a rectangle is 3 m more than 
river and then rowed back to their campsite. the width. The area is 54 m2. Find the 

The rate of the river’s current was 1 mph. length of the rectangle. 

Find the rate at which the campers rowed. 


Strategy Your strategy 
* This is a uniform motion problem. 
» Unknown rowing rate of the campers: r 


Rate 


» The total time of the trip was 8 h. 


Your solution 
15 15 
+ = 
iil fk 
15 


8 


(r + 1)(r — (= + at =(r+ 1)7 — 198 


(ry — 1)15 + 7 + 1)15 = (r? — 1)8 
15r — 15 + 15r + 15 = 8r? -—8 
8r2 — 8 
= 8r2 — 30r — 8 
0 = 2(4r2 — 15r — 4) 
0 = 2(4r + 1)(r — 4) 


4r+1=0 r—4=0 
r=4 


The solution r = 3 is not possible, 


because the rate cannot be a negative 
number. 


The rowing rate was 4 mph. 
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ve, 


—~—6 10.5 Exarcikas 





10. 


Objective A Application Problems 


The base of a triangle is one less than five times the height of the trian- 
gle. The area of the triangle is 21 cm2. Find the height and the length of 
the base of the triangle. 


The height of a triangle is 3 in. less than the base of the triangle. The 
area of the triangle is 90 in. Find the height and the length of the base 
of the triangle. 


The length of a rectangle is 2 ft less than three times the width of the 
rectangle. The area of the rectangle is 65 ft?. Find the length and width 
of the rectangle. 


The length of a rectangle is 2 cm less than twice the width. The area of 
the rectangle is 180 cm?. Find the length and width of the rectangle. 


The state of Colorado is almost perfectly rectangular, with its 
north border 111 mi longer than its west border. If the state en- 
compasses 104,000 mi’, estimate the dimensions of Colorado. 
Round to the nearest mile. 


A car with good tire tread can stop in less distance than a car with 
poor tread. The formula for the stopping distance, d, of a car with 
good tread on dry cement is approximated by d = 0.04v? + 0.5v, 
where v is the speed of the car. If the driver must be able to stop 
within 60 ft, what is the maximum safe speed, to the nearest mile 
per hour, of the car? 


A square piece of cardboard is formed into a box by cutting 10- 
centimeter squares from each of the four corners and then folding 
up the sides, as shown in the figure. If the volume, V, of the box is 
to be 49,000 cm?, what size square piece of cardboard is needed? 
Recall that V = LWH. 


The height of a projectile fired upward is given by the formula 

= v,t — 16t?, where s is the height, v, is the initial velocity, and ¢ is the 
time. Find the time for a projectile to return to Earth if it has an initial 
velocity of 200 ft/s. 


The height of a projectile fired upward is given by the formula 
Ss = vot — 1627, where s is the height, v, is the initial velocity, and ¢ is the 
time. Find the time for a projectile to reach a height of 64 ft if it has an 
initial velocity of 128 ft/s. Round to the nearest hundredth of a second. 


A perfectly spherical scoop of mint chocolate chip ice cream is placed 
in a cone, as shown in the figure. How far is the bottom of the scoop of 
ice cream from the bottom of the cone? (Hint: A line segment from the 
center of the ice cream to the point at which the ice cream touches the 
cone is perpendicular to the edge of the cone.) 


5h -1 





10 cm 


10 cm 
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11. 


12. 


13. 


14. 


15. 


16. 


A small pipe can fill a tank in 6 min more time than it takes a larger 
pipe to fill the same tank. Working together, both pipes can fill the 
tank in 4 min. How long would it take each pipe working alone to fill 
the tank? 


A cruise ship made a trip of 100 mi in 8 h. The ship traveled the first 
40 mi at a constant rate before increasing its speed by 5 mph. Then it 
traveled another 60 mi at the increased speed. Find the rate of the 
cruise ship for the first 40 mi. 


The Concorde’s speed in calm air is 1320 mph. Flying with the wind, 
the Concorde can fly from New York to London, a distance of approxi- 
mately 4000 mi, in 0.5 h less than the time required to make the return 
trip. Find the rate of the wind to the nearest mile per hour. 


A car travels 120 mi. A second car, traveling 10 mph faster than the first 
car, makes the same trip in 1 h less time. Find the speed of each car. 


For a portion of the Green River in Utah, the rate of the river’s current 
is 4 mph. A tour guide can row 5 mi down this river and back in 3 h. 
Find the rowing rate of the guide in calm water. 


The height of an arch is given by the equation 
h(x) = - 23? + 27, where |x| is the distance in feet 
from the center of the arch. 


a. What is the maximum height of the arch? 

b. What is the height of the arch 8 ft to the right of 
the center? 

c. How far from the center is the arch 8 ft tall? 


APPLYING THE CONCEPTS 


17. 


¢€ 


18. 


Some forecasters are predicting the revenue generated by business 
on the Internet from 1997 to 2002 will expand to values that can be 
approximated by the model R(t) = 15.8f? — 17.2¢ + 10.2, where R is 
the annual revenue in billions of dollars and t is the time in years, with 
t = 0 corresponding to 1997. According to this model, in what year will 
the revenue reach $200 billion? Round to the nearest year. Explain why 
there is just one answer to this problem. (Source: Forrester Research) 


Using Torricelli’s Principle, it can be shown that the depth, d, of a liq- 
uid in a bottle with a hole of area 0.5 cm? in its side can be approxi- 
mated by d = 0.0034? — 0.52518¢ + 20, where t is the time since a stop- 
per was removed from the hole. When will the depth be 10 cm? Round 
to the nearest tenth of a second. 


h (x) 
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Quadratic Inequalities and 
Rational Inequalities 





Objective A To solve a nonlinear imequallity...:.......c.cccccscecessssssessssssesssessesesssesesesessesessseeee fier] 


TAKE NOTE 


x—3=Owhenx=3.Ifx 

is any number less than 3, 

X — 3 is negative. If xis any 
number greater than 3, x — 3 
is positive. 

x+2=O0when x= —2 If 
xis any number less than 
—2, x + 2is negative. If xis 
any number greater than —2, 
x + 2is positive. 


A quadratic inequality is one that can be written in the form ax? + bx +c <0 
or ax? + bx +c >0, where a #0. The symbols < and = can also be used. 
The solution set of a quadratic inequality can be found by solving a com- 
pound inequality. 


To solve x? —3x-—10>0, first x2 — 3x -10>0 
factor the trinomial. (x + 2) —5)>0 


There are two cases for which the product of the factors will be positive: (1) both 
factors are positive, or (2) both factors are negative. 


@Q)ix+ 20 and x—5=0 
(2)ie+2=0 and «-—5<0 


Solve each pair of compound (1) x+2>0 andix« —5>0 
inequalities. x>-2 x5 
{x|z> —2) 2 (xix > 5) = {alx = 5} 
(2).xs42 <0 and 3x — 50 
Xi <5 
(x|x < —2} N {xlx < 5} = {|x < —2} 


Because the two cases for which the product will be positive are connected by or, 
the solution set is the union of the solution sets of the individual inequalities. 


{x|x > 5} U {x|x < —2} = {x|x > 5 orx < —2} 
Although the solution set of any quadratic inequality can be found by using the 
method outlined above, frequently a graphical method is easier to use. 
=> Solve and graph the solution set of x? — x — 6 <0. 
Cer O0 
Factor the trinomial. (4 — 3)@- 2) <0 


On a number line, draw lines indicat- 
ing the numbers that make each factor 






equal to zero. =5 4-37-21 0 ose 
x—3=0 x+2=0 

x=3 co 2 
For each factor, place plus signs above i ie a een faa +++++ 
the number line for those regions x+2-------- pe ee oe I eae gg: 
where the factor is positive and nega- 


tive signs where the factor is negative. Rot oie, Ue eS 


Because x2 — x — 6 < 0, the solution 
set will be the regions where one fac- 
tor is positive and the other factor is 
negative. 


Write the solution set. {7 =2= a =< 3} 


The graph of the solution set of 
x? — x — 6 < Ois shown at the right. Sseqesegeie oo i254? 5 
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=> Solve and graph the solution set of (x — 2)(x + 1) — 4) > 0. 






On a number line, identify for each Re an pas Pe 
factor the regions where the factor is he toe = ae eA tala | tees: 
positive and those where the factor is x4 ---+------ | -_---- ]---- 
negative. 


There are two regions where the prod- 
uct of the three factors is positive. 


Write the solution set. fit x <2 0rx > 4] 


The graph of the solution set of 


(x — 2)(x + 1) — 4) > 0 is shown at -5-4-3-2-10 12 3 4 5 




















the right. 
=> Solve: 2—= <1 
x= 4 
2 A 
x—-4 
Rewrite the inequality so that 0 ae 0 
appears on the right side of the x—4 7 
inequality. 
: ; 2D re 
Simplify. may vee ae 
x= 
< 
x=4 
On a number line, identify for each as T4544 |e 


factor of the numerator and each fac- 
tor of the denominator the regions 
where the factor is positive and those 
where the factor is negative. 





The region where the quotient of the 
two factors is negative is between 1 
and 4. 


Write the solution set. {x|1 =x <4} 


Note that | is part of the solution set but that 4 is not because the denomina- 
tor of the rational expression is zero when x = 4. 


Example 1 You Try It 1 
Solve and graph the solution set of Solve and graph the solution set of 
242 5% Fred a 2h ee AO). 


Solution Your solution 
2x2 -x-3=0 
(2x _ 3)\(x —f 1) >0 2.3 —— =| +++ 


x + 1———[4-4444/4++ 


3 
elx = = orx=3| 


-2-1 012 -3—-4-3-2-1 0123 4 5 


-5-4-3-2-1 0123 45 
Solution on p. S31 
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Objective A 


Solve and graph the solution set. 


1. 


11. 


13. 


15. 





& — DG +2) _ 


(x —4)(x + 2)>0 


—J-ai-3i-2 2k 0" 1 2 3 4 5 


x? -—3x+2=0 


ES =453 2%) 0 a 2.3.4.5 
x?-—x-—12<0 


-5 -4-3 2-1 0123 4 5 


(x — 1)(« + 2) — 3) <0 


-5 -4-3-2-1 0123 45 


+4) = 2)@—-—1)=0 


-5 -4-3-2-1 0123 45 


x= 4 
hee 





>0 


-5 -4-3 2-1 012 3 4°55 





0 
aS 


-5 -4-3 2-1 0123 45 


10. 


12. 


14. 


16. 


Section 10.6 / Quadratic Inequalities and Rational Inequalities 


(x + D&-—3)>0 


=o =4 3-2-1 0 12 3 4 5 


x7+5x+6>0 


-5 -4-3-2-1 0123 4 5 


x7+x-—20<0 


-5 -4-3-2-1 0123 45 


(x + 4x — 2)+1)>0 


-5 -4-3 2-1 0123 4 5 


= D@+5)@-2)=0 


-5 -4-3-2-1 012 3 4°55 


Geeta 
eS 





>0 


=>) 4.325109 is 27345 


56 = 





>0 
x 


-5 -4-3 2-1 0123 4 5 


xc 2G yD 


0 
ae. 


-5 -4-3 2-1 0123 4 5 
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Solve. 
17. x*-—16>0 18. x2-4=20 19. x? — 9x <= 36 
20. x2 +4x>21 21. 4x7 - 8 +3<0 22) 2x7 4 11x'+12=0 
3 Xx x-—2 
SS SSS | 23: 1 
et Seats is (x — 1)(x + 2) Ge GW) 
1 x be 
= é = 28. ——<=1 
26. ae 27 aq oe m3 
ie 3 Z 3 1 
=— : 1. = 
a ee 3 sa a ee pa) 2 x-5 x+1 
APPLYING THE CONCEPTS 
Graph the solution set. 
S20(e 2a —3S\et iye +4) 0 33. —-1)&+3)@-—2)@-4=20 
<=] RSS Ss SS St tt 
A. SD 0 Z 4 54-25 0 2 4 
34. (x? + 2x — 8)(x?2 — 2x — 3) <0 35. (x2 + 2x — 3)(x2? + 3x+2)=0 
SSS SS Se Se +t! +_++—_+++S+|+- +> 
we ee One ee ig eee) 160 (ea 
36. (x? + 1)? — 3x + 2)>0 37. (x —4)>-2 
Ege eee tees eee eee ene ee ee eee ——_t_t+++_1+|_ ++ +++ +++ > 
7 ee 0 2 4 <7 | RS 0 2 4 


38. x<x? 39) x Sx 
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| Focus on Problem Solving 


Use a Variety of We have examined several problem-solving strategies throughout the text. See 
Problem-Solving _ if you can apply those techniques to the following problems. (There are many 
Techniques sites on the Internet dealing with problem solving. Two such sites are 


www.askdrmath.com and www.mcallister.org. You can also conduct a search for 
ee “problem solving.”) 


1. Eight coins look exactly alike, but one is lighter than the others. Explain how 
the different coin can be found in two weighings on a balance scale. 


2. For the sequence of numbers 1, 1, 2, 3, 5, 8, 13, ... , identify a possible pat- 
tern and then use that pattern to determine the next number in the sequence. 


3. Arrange the numbers 1, 2, 3, 4, 5, 6, 7, 8, and 9 in the squares 
at the right so that the sum of any row, column, or diagonal 
is 15. (Suggestion: Note that 1, 5, 9; 2, 5, 8; 3, 5, 7; and 4, 5, 6 
all add to 15. Because 5 is part of each sum, this suggests 
that 5 be placed in the center of the squares.) 





4. Arestaurant charges $10.00 for a pizza that has a diameter of 9 in. Determine 
the selling price of a pizza with a diameter of 18 in. so that the selling price 
per square inch is the same as for the 9-inch pizza. 


5. You have a balance scale and weights of 1 g, 4 g, 8 g, and 16 g. Using only 
these weights, can you weigh something that weighs 7 g? 12 g? 14 g? 19 g? 


6. Determine the number of possible paths from A to 
B for the grid at the right. A path consists of moves 
right or up along one of the grid lines. 


7. Can the checkerboard at the right be covered with 
dominos (which look like LM) so that every square 
on the board is covered by a domino? Why or why 
not? (Note: The dominos cannot overlap.) 
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| Projects and Group Activities 


Completing Essentially all of the investigations into mathematics before the Renaissance 

the Square were geometric. The solutions of quadratic equations were calculated from a 
construction of a certain area. Proofs of theorems, even theorems about num- 
bers, were based entirely on geometry. In this project, we will examine the 
geometric solution of a quadratic equation. 


mp Solve: x2 + 6x = 7 


Begin with a line of unknown length, x, and one of length 6, the coefficient 
of x. Using these lines, construct a rectangle as shown. 


ae 6 
| 
Figure 1 Area = x2 + 6x 


Now draw another area that has exactly the same area as Figure 1 by cutting 
off one-half of the rectangle of area 6x and placing it on the bottom of the 
square labeled x”. See Figure 2. 


The unshaded area in Figure 2 has ex- x 3 
actly the same area as Figure 1. However, & 
when the shaded area is added to Figure 2 
to make a square, the total area is 9 square 
units larger than that of Figure 1. In equa- Bis 
tion form, 





(Area of Figure 1) + 9 = area of Figure 2 Area = (x + 3) 
Figure 2 


or 
eh Ox 19 (as) 


From the original equation, x? + 6x = 7. Thus, 


ROP Ox Oe F153)" 


7+9='@+ 3V/ ex? +6x=7 
16 = @ + 3¥ 
4=x+3 © See note below. 
1=x 


Note: Although early mathematicians knew that a quadratic equation may 
have two solutions, both solutions were allowed only if they were positive. Af- 
ter all, a geometric construction could not have a negative length. Therefore, 
the solution of this equation was 1; the solution —7 would have been dismissed 
as fictitious, the actual word that was frequently used through the 15th cen- 
tury for negative-number solutions of an equation. 


Try to solve the quadratic equation x? + 4x = 12 by geometrically completing 
the square. 
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Using a Graphing~ Recall that an x-intercept of the graph of an equation is a point at which the 


Calculator to Solve a 
Quadratic Equation 





= 
(2.68614, 0) 











graph crosses the x-axis. For the graph in Figure 3, the x-intercepts are (—2, 0) 
and (3, 0). 


Recall also that to find the x-intercept of a graph, set y = 0 and then solve 
for x. For the equation in Figure 3, if we set y = 0, the resulting equation is 
0 = x? — x —6, which is a quadratic equation. Solving this equation by fac- 
toring, we have 


0 =x2-x-6 
0 = (& + 2)(x — 3) 
2? =0 ci — 0 
x2 nS 


Thus the solutions of the equation are the x-coordinates of the x-intercepts 
of the graph. 


This connection between the solutions of an equation and the x-intercepts 
of a graph allows us to graphically find the real number solutions of 
an equation. Using a graphing calculator, graph the equation and esti- 
mate the x-intercepts. For instance, to graphically approximate the solu- 
tions of 2x? + 5x — 1 = 0, graph y = 2x? + 5x — 1 and approximate the 
x-coordinates of the x-intercepts. You can use the following keystrokes to 
graph the equation and approximate the solutions of the equation. The 
result is the graph in Figure 4. 


TI-83 2 2 

5 [% £6, 2] [=] 1 [2nd] QUIT [ZOOM] 5 [ENTER] [2nd] CALC 2 

Use the arrow keys to move to the left of the leftmost x-intercept. Then press ENTER. 
Now use the arrow keys to move to a point just to the right of the leftmost x-intercept. 
Then press ENTER. Press ENTER again. The x-coordinate at the bottom of the screen is 
one approximate solution of the equation. To find the other solution, proceed in the 
same manner for the next x-intercept. 


SHARP EL-9360 _[¥ =] [CL] 2 [xen] [a] 2 [>] [+] 5 [xem] [=] 1 [zoom] 5. 
This will produce the graph. Now press CALC 5 [ENTER]. After pressing 5, the 
x-intercept will show on the bottom of the screen. Now press CALC 5 [ENTER] to 
find the other x-intercept. 





CASIO CFX-9850 [MENU] 5 [F2] [Fi] 2 [xet] [7] [+] 5 Exert] [=] 1 [EXE] 
G-Solv [Fi]. Now press [>] to find the other x-intercept. 


Attempting to find the solutions of an equation graphically will not neces- 
sarily find all the solutions. Because the x-coordirates of the x-intercepts of 
a graph are real numbers, only real number solutions can be found. For 
instance, consider the equation x*+4x+5=0. The graph of 
y =x? + 4x + 5 is shown in Figure 5. Note that the graph has no x-intercepts 
and, consequently, no real number solutions. However, x? + 4x + 5 = 0 
does have complex number solutions that can be obtained by using the 
quadratic formula. They are —2 + i and —2 — i. 
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Key Words 


Essential Rules 


Chapter Summary 


A quadratic equation is an equation of the form ax? + bx +c =0,a#0.A 
quadratic equation is also called a second-degree equation. 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. 


When a quadratic equation has two solutions that are the same number, the 
solution is called a double root of the equation. 


Adding to a binomial the constant term that makes it a perfect-square trino- 
mial is called completing the square. 


For an equation of the form ax? + bx + c = 0, the quantity b? — 4ac is called 
the discriminant. 


An equation is quadratic in form if it can be written as au? + bu + c = 0. 


A quadratic inequality is one that can be written in the form ax? + bx +c>0 
or ax? + bx + c < 0, where a # 0. The symbols < and = can also be used. 


The Principle of Zero Products 
If ab = 0, thena = Oorb = 0. 


Completing the Square 
To complete the square on x? + bx, 
add G the coefficient of x)? to the binomial. 


The Quadratic Formula 


pees Vb? — 4ac 
2a 


The Effect of the Discriminant on the Solutions of a 
Quadratic Equation 


1. If b? — 4ac = 0, then the equation has one real number solution, a double 
root. 


2. If b* — 4ac > 0, then the equation has two real number solutions that are 
not equal. 


3. If b? — 4ac < 0, then the equation has two complex number solutions. 





bm 


Chapter Review 


Solve by factoring: 2x? — 3x = 0 


Solve by taking square roots: 
x = AS - 


Solve by completing the square: 
x?+4x+3=0 


Solve by using the quadratic formula: 
x — 25e'4+12=0 


Write a quadratic equation that has integer 
coefficients and has solutions 0 and —3. 


Solve by completing the square: 
x?-—2x+8=0 


Solve by using the quadratic formula: 
3x(x — 3) = 2x —4 


Solve: (x + 3)(2x — 5) <0 


10. 


12. 


14. 


16. 
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Solve by factoring: 6x? + 9cx = 6c? 


Solve by taking square roots: 
(x 4 Al +4=0 


Solve by completing the square: 
7x? — 14k +3 =0 


Solve by using the quadratic formula: 
x4 8—0 


Write a quadratic equation that has integer 


coefficients and has solutions : and 3 


Solve by completing the square: 
(x — 2)(x + 3)=x-— 10 


Using the discriminant, determine the num- 
ber and type of solutions for 3x? — 5x + 1 =0. 


Solve: (x — 2)(x + 4)(2x + 3) =0 
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17. Solve: x23 + x13 —12=0 


19. Solve: 3x = 2 
x-2 


21. Solve and graph the solution set: 
Bea 
wea 


ee te et 


2543.27 1 0. 1 








gg a Ss 
23. Solve: x = Vx +2 

x= 2 ee 
25. Solve: Tes : 2 


27. 


18. Solve: 2(¢ — 1) + 3Vx-—1-2=0 





Se S 
20. Solve: a5 +x=3 


22. Solve and graph the solution set: 


2x - DE+3) — 9 
x—4 i 


-5 -4-3 2-1 0 12 3 4 5 


24. Solve: 2x = V5x + 24+3 





26) Soe: f= = 


2x eee 





The length of a rectangle is two more than twice the width. The area of the 


rectangle is 60 cm?. Find the length and width of the rectangle. 


28. 
the three integers. 


The sum of the squares of three consecutive even integers is fifty-six. Find 


29. An older computer requires 12 min longer to print the payroll than does a 
newer computer. Together the computers can print the payroll in 8 min. 
Find the time for the new computer working alone to print the payroll. 


30. Acar travels 200 mi. A second car, making the same trip, travels 10 mph 
faster than the first car and makes the trip in 1 h less. Find the speed of 
each car. 


Chapter Test 


Solve by factoring: 3x? + 10x = 8 


Write a quadratic equation that has integer 
coefficients and has solutions 3 and —3. 


Solve by taking square roots: 
3@ — 2)? — 24=0 


Solve by completing the square: 
ae? — 6x = 2 


Solve by using the quadratic formula: 
x?+4x+12=0 


Use the discriminant to determine whether 
x2 — 6x = —15 has one real number solution, 
two real number solutions, or two complex 
number solutions. 


10. 


i 
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Solve by factoring: 6x? — 5x — 6=0 


Write a quadratic equation that has integer 


coefficients and has solutions ; and —4. 


Solve by completing the square: 
= 64—2=0 


Solve by using the quadratic formula: 
2c 26 


/ 


Use the discriminant to determine whether 
3x2 — 4x = 1 has one real number solution, 
two real number solutions, or two complex 
number solutions. 


Solve: 2x + 7x¥2-—4=0 
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13. Solve: x* — 4x2+3=0 


15. Solve: Vx — 2 = Vx —2 


17. Solve and graph the solution set of 
(x — 2)(x + 4)(x — 4) <0. 


-5 -4-3-2-1 0123 4 5 


14. Solve: V2x +1+5 = 2x 








16: > Solves 41 
Xi oa el 
18. Solve and graph the solution set of 
DiS. 
x+4 = 0. 


—5 =4 -3 -2-1 0 I 23 4 5 


19. The base of a triangle is 3 ft more than three times the height. The area of 
the triangle is 30 ft?. Find the base and height of the triangle. 


20. The rate of a river's current is 2 mph. A canoe was rowed 6 mi down the 
river and back in 4 h. Find the rowing rate in calm water. 


Cumulative Review 
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1. Evaluate 2a? — b? + c? whena = 3, b = —4 
and c = —2. 


? 


3. Find the volume of a cylinder with a height 
of 6 m and a radius of 3 m. Give the exact 
measure. si 


5. Find the slope of the line containing the 
points (3, —4) and ( —1, 2). 


7. Find the equation of the line that contains 
the point (1, 2) and is parallel to the line 
zy =1. 


9. Graph the solution set: 
xty=3 
2x —y<4 





11. Divide: (3x3 — 13x? + 10) + x — 4) 


13. Factor: 6x2 — 7x — 20 


2. Solve: |3x — 2|< 8 


4. Given f(x) = 3—, find f( —2). 


6. Find the x- and y-intercepts of the graph of 
6x — 5y = 15. 


8. Solve the system of equations. 
Sty + Z=—2 
Srey ene = 9 
m= ly = 22] 1 


10. Triangles ABC and DEF are similar. Find the 
height of triangle DEF. 


IE 


24 cm 


B 
A Caned 


12. Factor: —3x3y + 6x?y? — Ixy 


xt 2x ak Ax? = Axe 


Se Dy: eae P= 
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15: Solve: 2*= =-*_ =] 16. Solve S = 2(a + b) for b. 
te? eS 2 








17. Multiply: a ~'7(a!” — a*?) 18. Multiply: —2i(7 — 41) 
19. Solve: V3x+1-—1=x 20. Solve: x* — 6x2 + 8=0 


21. A piston rod for an automobile is 9- in. with a tolerance of 4 in. Find the 
lower and upper limits of the length of the piston rod. 


22. The base of a triangle is (x + 8) ft. The height is (2x — 4) ft. Find the area of 
the triangle in terms of the variable x. 


23. The graph shows the relationship between the value of a 


























building and the time, in years, since depreciation began. 3 300 
Find the slope of the line between the two points shown oa ae 
co . = 3 = 200 

on the graph. Write a sentence that states the meaning of S89 150 : 
the slope. el een 
gO : 

== 150 — aa 

0 5) 10: 15) 20. $25 ba0u 


Time (in years) 


24. How high on a building will a 17-foot ladder reach when 
the bottom of the ladder is 8 ft from the building? 


25. Use the discriminant to determine whether 2x2 + 4x + 3 = 0 has one real 
number solution, two real number solutions, or two complex number 
solutions. 








Forestry technicians compile data on the characteristics of 
forest land tracts, such as species and population of trees, 
disease and insect damage, tree seedling mortality, and 
conditions that may cause fire danger. They also train and 
lead conservation workers in seasonal activities such as 
planting tree seedlings, putting out forest fires, and 
maintaining recreational facilities. These technicians may 
use functions to model, for instance, the progress of a tree 
disease as it spreads through a tract of forest. 


Functions and 
Relations 





Objectives 


Section 11.1 
To graph a linear function 
To solve application problems 


Section 11.2 
To graph a quadratic function 
To find the x-intercepts of a parabola 


To find the minimum or maximum of a 
quadratic function 


To solve application problems 


Section 11.3 
To graph functions 


Section 11.4 
To perform operations on functions 
To find the composition of two functions 


Section 11.5 
To determine whether a function is one-to-one 
To find the inverse of a function 


Section 11.6 

To graph a parabola 

To find the equation of a circle and to graph a circle 
To graph an ellipse with center at the origin 

To graph a hyperbola with center at the origin 








Conic Sections | i 


The graphs of four curves—the circle, the ellipse, the pa- 
rabola, and the hyperbola—are discussed in this chapter. 
These curves were studied by the Greeks and were known 
prior to 400 B.c. Their names were first used by Apollonius 
around 250 B.c. in Conic Sections, the most authoritative 
Greek discussion of these curves. Apollonius borrowed - 
the names from a school founded by Pythagoras. 


The diagram atthe : planet 
right shows the path 
of a planet around the 
sun. The curve traced 
out by the planet is an 
ellipse. The aphelion 
is the position of 

the planet when it _ 
is farthest from the 
sun. The perihelion © 
is the planet's position _ 
when it is nearest to 

the sun. 


i i ae 


eS 


aphelion | perihe 


| 
4 
oil 
: 
li 


A telescope, like the 
one at the Palomar 
Observatory, has a 
cross section that is 
in the shape of a 
parabola. A parabolic 
mirrorhasthe 
unusual property that 
all light rays parallel 
to the axis of 
symmetry that hit the 
mirror are reflected 

to the same point. 
This point is called 
the focus of the 
parabola. 


Some comets, unlike 
Halley's Comet, travel 
with such speed that 
they are not captured 
by the sun’s 
gravitational field. 
The path of the comet 
as it comes around 
the sun is in the — 
shape of a hyperbola. 
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Linear Functions 





= 


jective A To graph a limear function ..............0:.0:ccccccsccesssscesssssessessesssesssrsensens fac} 


The graph of a function is the graph of the ordered pairs (x, y) that belong to 
the function. Because y and f(x) are interchangeable, the ordered pairs of a 
function can be written as (x, y) or (x, f(x)). A function that can be written in 
the form y = mx + b or f(x) = mx + b is called a linear function. The graph 
of a linear function has certain characteristics. It is a straight line with slope 
m and y-intercept (0, b). 


=> Graph: f(x) = 2x + 1. 


This is a linear function. You can think of 
the function as the equation y = 2x + 1. The 
y-intercept is (0, 1). The slope is 2. 


Beginning at the y-intercept, move right 1 and 
up 2. The point (1, 3) is another point on the 
graph. Draw a straight line through the points 
(0, 1) and (1, 3). 





When a function is given by an equation, the domain of the function is all real 
numbers for which the function evaluates to a real number. For instance, 


e The domain of f(x) = 2x + 1 is all real numbers because the value of 2x + 1 
is a real number for any value of x. 


1 





¢ The domain of g(x) = 


es 
g(2) = >> = x: which is not a real number. 


5 is all real numbers except 2; when x = 2, 


3 
Example 1 Graph: f(x) = ox You Try It1 Graph: f(x) = a 4 
Solution Your solution 


b=0 
y-intercept: (0, 0) 


ie 
3 


Solution on p. S31 
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Objective B_ To solve application problems. .......::::c:cccsccccccsessercrecsersnccseesenrenenes ( {38} | 


Linear functions can be used to model a variety of applications in science and 
business. For each application, data are collected and the independent and de- 
pendent variables are selected. Then a linear function is determined that models 


the data. 


Example 2 

Suppose a manufacturer has determined 
that at a price of $115, consumers will 
purchase 1 million portable CD players 
and that at a price of $90, consumers 
will purchase 1.25 million portable CD 
players. Describe this situation with a 
linear function. Use this function to 
predict how many portable CD players 
consumers will purchase if the price is 
$80. 


Strategy 

» Select the independent and dependent 
variables. Because you are trying to 
determine the number of CD players, 
that quantity is the dependent variable, 
y. The price of CD players is the 
independent variable, x. From the given 
data, two ordered pairs are (115, 1) and 
(90, 1.25). (The ordinates are in 
millions of units.) Use these ordered 
pairs to determine the linear function. 

» Evaluate the function for x = 80 to 
predict how many CD players consumers 
will purchase if the price is $80. 


Solution 


Let (x,,y,) = (115, 1) and (x,, y,) = (90, 1.25). 


2 0.25 _ 
X,—x, 90-115 25 


= SU 


Yn en eX) 


y—1=-—0.01@ — 115) 
y—1= -0.01x + 1.15 
y = —0.01x + 2.15 


The linear function is 
f(x) = —0.01x + 2.15. 


f(80) = —0.01(80) + 2.15 = 1.35 


Consumers will purchase 1.35 million 
CD players at a price of $80. 


You Try It 2 

Gabriel Daniel Fahrenheit invented the 
mercury thermometer in 1717. In terms of 
readings on this thermometer, water 
freezes at 32°F and boils at 212°F. In 1742 
Anders Celsius invented the Celsius 
temperature scale. On this scale, water 
freezes at 0°C and boils at 100°C. 
Determine a linear function that can be 
used to predict the Celsius temperature 
when the Fahrenheit temperature is known. 


Your strategy 


Your solution 


Solution on p. S31 
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Objective A 


Graph. 


1. f@) =3x -4 foe DO ek ta 3 





3 
4. f(x)= 5% 5. f(x) = ox —4 61h C=? 


y | ; y y 






9. f(x) = =x = 








Objective B_ Application Problems 


10. The sale price of an item is a function, s, of the original price, p, 
where s(p) = 0.80p. If an item’s original price is $200, what is the sale 
price of the item? 


11. The markup on an item is a function, m, of its cost, c, where 
m(c) = 0.25c. If the cost of an item is $150, what is the markup on the 


item? 
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12. A manufacturer of graphing calculators has determined that 10,000 
calculators per week will be sold at a price of $95. At a price of $90, 
it is estimated that 12,000 calculators would be sold. Determine a 
linear function that will predict the number of calculators that 
would be sold at a given price. Use this method to predict the number 
of calculators per week that would be sold at a price of $75. 


13. The operator of a hotel estimates that 500 rooms per.night will be 
rented if the room rate per night is $75. For each $10 increase in the 
price of a room, 6 fewer rooms will be rented. Determine a linear 
function that will predict the number of rooms that will be rented for 
a given price per room. Use this model to predict the number of 
rooms that will be rented if the room rate is $100. 


14. A general building contractor estimates that the cost to build a new 
home is $30,000 plus $85 for each square foot of floor space in the 
house. Determine a linear function that will give the cost of building a 
house that contains a given number of square feet. Use this model to 
determine the cost to build a house that contains 1800 ft?. 


APPLYING THE CONCEPTS 


15. A child’s height is a function of the child’s age. The graph of this func- 
tion is not linear, as children go through growth spurts as they develop. 
However, for the graph to be reasonable, the function must be an in- 
creasing function (that is, as the age increases, the height increases) 
because children do not get shorter as they grow older. Match each 
function described below with a reasonable graph of the function. 

a. The height of a plane above the ground during take-off depends on 
how long it has been since the plane left the gate. 


b. The height of a football above the ground is related to the number 
of seconds that have passed since it was punted. 


c. A basketball player is dribbling a basketball. The basketball’s dis- 
tance from the floor is related to the number of seconds that have 
passed since the player began dribbling the ball. 


d. Two children are seated together on a roller coaster. The height of 
the children above the ground depends on how long they have been 
on the ride. 


= 


Il Ii IV 





eo ee > 


Bee 


TAKE NOTE 


In completing the square, 1 is 
both added and subtracted. 
Because 1 — 1 = 0, the 
expression x? — 2x — 3is not 
changed. Note that 


(x — 1)? — 
a(x, 2x4 1) 4 
=x? 2x3 


which is the original 
expression. 





To graph a quadratic function 
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111. 2| Quadratic Functions 


Cua STL SEO, 7: 


Objective A 





Peececagine eters arr 
ee ens pile Was nik beat dy ediains (22>) (23) fact 


Recall that a linear function is one that can be expressed by the equation 
f(x) = mx + b. The graph of a linear function has certain characteristics. It is 
a straight line with slope m and y-intercept (0, D). A quadratic function is one 
that can be expressed by the equation f(x) = ax? + bx +c, a # 0. The graph of 
this function, called a parabola, also has certain characteristics. The graph 
of a quadratic function can be drawn by finding ordered pairs that belong to 
the function. 


=> Graph f(x) = x? — 2x = 3. 


By evaluating the function for various values of x, find enough ordered pairs 
to determine the shape of the graph. 


Xx 


1) = oF = 2x = 33 





—2 
= 


BWNF CO 


f(—2) = (-2? — 2(-2)-3 | 5 
f(-1) = (-1)? - 2(-1)-3 | 0 


OO) 1210) = 3 
FOR Os 20) 3 
p22) 2) 22) > 3 
pe B)F S23) = 3 
A a 


f(x) | Gy) 

(—2, 5) 

(—1, 0) 
—3 | (0, —3) 
—4 | (1, -4) 
=3\| (2, —3) 
0} (3,0) 
5 (4,5) 





Because the value of f(x) = x* — 2x — 3 is a real number for all values of x, the 
domain of f is all real numbers. From the graph, it appears that no value of y is 
less than —4. Thus the range is {y|y = —4}. The range can also be determined 
algebraically, as shown below, by completing the square. 


f(x) 


a ee 
x2 — 2x) -— 3 


=o oe yh 3 


=(«= 17 —4 


® Group the variable terms. 


® Complete the square of x? — 2x. Add and 


1 2 
subtract st-2) = 





e Factor and combine like terms. 


Because the square of a positive number is always positive, we have 


(x-1P-42-4 


(x -1)?=0 
f(x) = —4 
yo 


@ f(x) = x? — 


® Subtract 4 from each side of the inequality. 


2x-—3=(x-1"- 


From the last inequality, the range is {y|y = —4}. 
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Axis of 
Symmetry 





TAKE NOTE 


Once the coordinates of the 
vertex are found, the range 

of a quadratic function can 

be determined. 






In general, the graph of f(x) = ax? + bx + c,a # 0, resembles a “cup” shape as 
shown at the left. The parabola opens up when a > 0 (a is positive) and opens 
down when a < 0 (a is negative). When the parabola opens up, the vertex of 
the parabola is the point with the smallest y-coordinate. When the parabola 
opens down, the vertex is the point with the largest y-coordinate. 


The axis of symmetry is a line that passes through the vertex of the parabola 
and is parallel to the y-axis. To understand the axis of symmetry, think of folding 
the graph along that line. The two portions of the graph will match up. 


The following formulas can be used to find the axis of symmetry and the vertex 
of a parabola. 


The Axis of Symmetry and Vertex of a Parabola 
Let f(x) = ax? + bx + cbe the equation of a parabola. 


; : ? b 
The equation of the axis of symmetry is x = — oa" 


5 b b 
The coordinates of the vertex are (- 5a! (- 2) 





=» Find the axis of symmetry and the vertex of the parabola whose equation is 
g(x) = —2x? + 3x + 1. Then graph the equation. 


From the equation g(x) = —2x? + 3x + 1,a = —2,b = 3, andc = 1. 


Axis of try: = Bullpen! aay 
1s Of Symmetry: x = Fa Fee wkd 


: ; : ; : ; 3 
The axis of symmetry is a vertical line passing through the point (3. 0). 


The x-coordinate of the vertex is <. 


Find the y-coordinate of the vertex by 


replacing x with : and evaluating. 


—2x7 + 3x+1 

3\2 3 hey, 
—2/—] + 3(—)+1=— 
aye al ie 


Saou ali 
The vertex is (3. =): 


yy, 


Because a is negative (a = —2), the graph 
opens down. Find a few ordered pairs that gate dat belles Satie 
belong to the function, and then sketch the graph. g(x) =—2x? + 3x 41 





Once the y-coordinate of the vertex is known, the range of the function can be 
determined. Here, the graph of g opens down, so the y-coordinate of the vertex 
is the largest value of y. Therefore, the range of g is plo =< 3H The value of 


—2x? + 3x +1 is a real number for all values of x; the domain is all real 
numbers. 
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Example 1 You Try It 1 
Find the vertex and axis of symmetry of Find the vertex and axis of symmetry of 
the parabola whose equation is the parabola whose equation is 


y = —x? + 4x + 1. Then graph the y = 4x? + 4x + 1. Then graph the equation. 
equation. 


Solution Your solution 
x-coordinate of vertex: 


y-coordinate of vertex: 
= eax | 
=a 2 )e 4(2) 4 1 
=5 
vertex: (2, 5) 
axis of symmetry: x = 2 





Objective B_ To find the x-intercepts of a parabola...............::cccscceseeeseeeseeeeeenenes 


Recall that a point at which a graph crosses 
the x- or y-axis is called an intercept of the 
graph. The x-intercepts of the graph of an 
equation occur when y = 0; the y-intercepts 
occur when x = 0. 


The graph of y =x? + 3x —4 is shown at 
the right. The points whose coordinates are 
(—4, 0) and (1, 0) are x-intercepts of the 
graph. 





=> Find the x-intercepts for the parabola whose equation is y = 4x? — 4x + 1. 
To find the x-intercepts, let y = 0 and then solve for x. 


y =4x?- 4x +1 


0 = 447 — 4x + 1 e Lety=0. 
O27 — 2x 1) ® Solve for x by factoring. 
26 = 10) DG al = A) 
2x = 1 2x =1 
ioe! aN 
eee? ae 


1 
The x-intercept is | a 0} 


In this last example, the parabola has only one x-intercept. In this case, the para- 
: 1 
bola is said to be tangent to the x-axis at x = 5. 


a 
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4-2, AN 


(1-v2, 0)._, 











atl" 


/(1 +v/2, 0) 


=> Find the x-intercepts of y = x? — 2x — 1. 


To find the x-intercepts, let y = 0 and solve for x. 
aie 2a ah 
Oe 


—b + Vb? — 4ac e Because x2 — 2x — 1 does not easily factor, 
os 2a use the quadratic formula to solve for x. 


- eves ae’ ® a=1,b=-2,c=-—1 


2=V454 22 V8 


2 
= => =1+V2 


The x-intercepts are (1 — Wo 0) and (1 + V2, 0). 


The graph of a parabola may not have x- 
intercepts. The graph of y = —x? + 2x —2 
is shown at the right. Note that the graph 
does not pass through the x-axis and 
thus there are no x-intercepts. This means 
there are no real number solutions of 
Ke = 2) 





Using the quadratic formula, we find that the 
solutions of the equation —x? + 2x -2=0 
are the complex numbers 1 — i and 1 + i. 


Recall that the discriminant of the quadratic formula is the expression 
b?—4ac and that this expression can be used to determine whether 
ax? + bx +c = 0 has zero, one, or two real number solutions. Because there is 
a connection between the solutions of ax? + bx + c = 0 and the x-intercepts of 
the graph of y = ax? + bx +c, the discriminant can be used to determine the 
number of x-intercepts of a parabola. 


The Effect of the Discriminant on the Number of x-Intercepts 
of a Parabola 


1. If b? — 4ac = 0, the parabola has one x-intercept. 


2. If b? — 4ac > 0, the parabola has two x-intercepts. 
3. If b? — 4ac < 0, the parabola has no x-intercepts. 





=> Use the discriminant to determine the number of x-intercepts of the parabola 
whose equation is y = 2x2 — x + 2. 


b? — 4ac e Evaluate the discriminant. 
(—-1? —4(2) 2) = l= 16 Sts a=2,b=-1,c=2 
=115 <@ 


The discriminant is less than zero, so the parabola has no x-intercepts. 


Example 2 
Find the x-intercepts of 
y = 2x? = 5x + 2. 


Solution 

y = 2x*-5x +2 

O = 2x2 -5x +2 

0 = (2x — 1)\(@ — 2) 


26 T= 0 ee 
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You Try It 2 


y=x? + 3x44. 


Your solution 


= 0 


oD 


The x-intercepts are 


Example 3 


Use the discriminant to determine the 
number of x-intercepts of 


yea a — 6x + 9. 


Solution 
@—16b=~-6,c=9 


(5, 0} and (2,0). 


You Try It 3 


Your solution 


b* — 4ac = (—6)* — 4(1) (9) = 36 — 36 =0 


Because the discrim 


inant is equal to zero, 


the parabola has one x-intercept. 


Objective C 


POINT OF INTEREST 


Calculus is a branch of 
mathematics that 
demonstrates, among other 
things, how to find the 
maximum or minimum of 
functions other than quadratic 
functions. These are very 
important problems in applied 
mathematics. For instance, an 
automotive engineer wants to 
design a car whose shape will 
minimize the effects of air flow. 
The same engineer tries to 
maximize the efficiency of a 
car's engine. Similarly, an 
economist may try to determine 
what business practices will 
minimize cost and maximize 
profit. 


Find the x-intercepts of 


Use the discriminant to determine the 
number of x-intercepts of y = x? — x — 6. 





Solutions on pp. S31-S32 | 





To find the minimum or maximum of a quadratic function ........ €&)) 


The graph of f(x) = x? — 2x + 3 is shown at 
the right. Because a is positive, the parabola 
opens up. The vertex of the parabola is the 
lowest point on the parabola. It is the point 
that has the minimum y-coordinate. There- 
fore, the value of the function at this point is 
a minimum. 


The graph of f(x) = —x* + 2x + 1 is shown at 
the right. Because a is negative, the parabola 
opens down. The vertex of the parabola is the 
highest point on the parabola. It is the point 
that has the maximum y-coordinate. There- 
fore, the value of the function at this point is 
a maximum. 






Vertex 
iy) 


Minimum 
y-coordinate 







Maximum 
y-coordinate 


Vertex 
(1, 2) 


To find the minimum or maximum value of a quadratic function, first find the 
x-coordinate of the vertex. Then evaluate the function at that value. 


al 
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Example 4 You Try It 4 
Find the minimum value of Find the maximum value of 


f(x) = 2x? — 3x4 1. fle) = —3x7? + 4x = a1. 
Solution Your solution 
b —3 3 


Sao) 20) 64 
fx) = 2x2 -— 3x +1 


re) ah a) 


9 9 cat 
Rega) Os 
Because a is positive, the graph opens up. 


The function has a minimum value. 


; . 1 
The minimum value of the function is — zs 


Solution on p. S32 





Objective D_ To Solve application problem. ............cc:ccccssesesecsseesecssessseerscsesessens {39} ) 


Example 5 You Try It 5 

A mining company has determined that The height (s) in feet of a ball thrown 

the cost (C) in dollars per ton of mining straight up is given by the equation 

a mineral is given by the equation s(t) = —16¢? + 64t, where t is the time in 
C(x) = 0.2x? — 2x + 12, where x is the seconds. Find the time it takes the ball to 
number of tons of the mineral that reach its maximum height. What is the 
are mined. Find the number of tons of maximum height? 

the mineral that should be mined to 

minimize the cost. What is the 

minimum cost? 


Strategy Your strategy 
To find the number of tons that will 
minimize the cost, find the 
x-coordinate of the vertex. 
To find the minimum cost, evaluate 
the function at the x-coordinate of the 
vertex. 


Solution Your solution 
—2 
5 
To minimize cost, 5 tons should be mined. 


C(x) = 0.2x2 — 2x + 12 
C(5) = 0.2(5)? — 2(5) + 12 =5 = 104+ 12 =7 


The minimum cost per ton is $7. 


Solution on p. S32 
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Objective A 


1. Describe (a) the vertex and (b) the axis of symmetry of a parabola. 


f 


Find the vertex and axis of symmetry of the parabola. Then sketch its graph. 


ny = ee — 4 


. 3. y sar + 4x -—4 a. y= x? 2x — 3 


8 





Daye x 4c — 5 6. f@)=x* -6r +5 ae 





OPO Xo = Oke 10. y = —2x* + 6% 


y : y 






1 
Peete a f 13. P(x) = — 5x? + 2x — 3 
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Objective B 


14. What are the x-intercepts of a parabola? 


f 


Find the x-intercepts of the graph of the parabola. 


15. y=x*-4 16. y=x?-9 | 175. y= 20 Ar 

18. y = 3x? + 6x 199 p= 205 Yan, 2a 

21. y = 2x*-—x-—1 22 a 230°) = 2 

24. y=x2+ 4x -3 25. y=x«* + 6x + 10 26, y= 0" = 4a 
21. Vex 2k 2 280 9y Xk 29. y= =x? + 4% +1 


Use the discriminant to determine the number of x-intercepts of the graph. 


30. y=2x?+x%+1 31. y= 2x7 + 2e— 1 32. y= —-x*-x4+3 
33. y= 2x? +x+4+1 34. y=x*— 8x + 16 35. y =x? — 10x + 25 
36. y= —3x?7—x-2 37. y= —-2x*+x-1 38. y=4x*?-x-2 


39. y=2e*?+x+4 40. y= -2x?-x-5 41. y = —3x2 + 4x —5 
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Objective C 


42. When does a quadratic function have a minimum value and when does 
Y it have a maximum value? 


Find the minimum or maximum value of the quadratic function. 


43. f(x) =x*-2x+3 44, f(x) =x*+ 3x -4 45. f(x) = —2x7+4x-3 
46. f(x) = -—2x?2 -— 3x +4 " 47. (3). = 2x* + 4x 48. f(x) = —2x? — 3x 

49. f(x) = —2x*+4«%-5 50. f(x) = —3x* +x -6 51. f@)= 2%? 43x —- 8 
52. f(x) = —x? -—x+2 53. f(x) = 3x2 + 3x -2 54. f(x) =x? —5x+4+3 
55. f(~%) = —3x2 + 4x — 2 56. f(x) = —2x? —5« 4+ 1 57. fx) = 32 5a + 2 





Objective D_ Application Problems 


58. The height in feet, s, of a rock thrown upward at an initial speed of 
64 ft/s from a cliff 50 ft above an ocean beach is given by 
s(t) = —16t? + 64t + 50, where ¢ is the time in seconds. Find the maxi- 
mum height the rock will attain above the beach. 


59. An event in the Summer Olympics is 10-meter springboard diving. The 
height, s, of a diver in this event above the water ¢ seconds after jump- 
ing is given by s(t) = —4.9t? + 7.8¢ + 10. What is the maximum height, 
to the nearest tenth of a meter, that the diver will be above the water? 


60. A tour operator believes that the profit, P, from selling x tickets is given 
by P(x) = 40x — 0.25x?. Using this model, what is the maximum profit 
the tour operator can expect? 


61. A manufacturer of microwave ovens believes that the revenue the com- 
ee : 1 
pany receives is related to the price, P, of an oven by R(P) = 125P — Rha 
What price will give the maximum revenue? 


62. The suspension cable that supports a small footbridge hangs in the 
shape of a parabola. The height in feet of the cable above the bridge is 
given by the function h(x) = 0.25x? — 0.8x + 25, where x is the distance 
from one end of the bridge. What is the minimum height of the cable 
above the bridge? 
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63. A pool is treated with a chemical to reduce the amount of algae. Tite 
amount of algae in the pool ¢ days after the treatment can be approxi- 
mated by the function A(t) = 4072 — 4007 + 1500. How many days after 
treatment will the pool have the least amount of algae? 


64. An equation of the thickness (in inches), #, of the mirror at the Palomar Heat 
Mountain Observatory is given by h(x) = 0.000379x? — 0.0758x + 24, 24 in. 
where x is measured from the edge of the mirror. Find the minimum 
thickness of the mirror. 





a = 900i ar 


Not to scale 


65. The height, s, of water squirting from a fire hose nozzle is given by the 


equation s(x) = — x? + 2x +5, where x is the horizontal distance 
from the nozzle. How high on a building 40 ft from the fire hose will 


the water land? 





66. The height, i, of a baseball hit by Tony Gwinn that is a distance of 
d feet from him can be given by h(d) = —0.0015d? + 0.52d + 5. Will this 
ball clear a 5-foot wall 340 ft from where it was hit? 


67. A designer of stained glass windows has 26 ft of wire that is to be bent 
so that the bottom portion is a rectangle and the top is an equilateral 
triangle. The enclosed area of this figure depends on the length of the 


base and is given by A(x) = V3 — 6)x? + 13x. What is the maximum 


area, to the nearest tenth, that can be enclosed by this shape? 





68. The perimeter of a rectangular window is 24 ft. Find the dimensions of 
the window that will enclose the largest area. What is the maximum 
area? 


APPLYING THE CONCEPTS 


69. Determine whether the following statements are always true, some- 
times true, or never true. 
a. An axis of symmetry of a parabola passes through the vertex. 
b. A parabola has two x-intercepts. 
c. A quadratic function has a minimum value. 


70. An equation of the form y = x* + bx +c can be written in the form 
y = (x —h)* +k, where (h, k) are the coordinates of the vertex of the 
parabola. Use the process of completing the square to rewrite the equa- 
tion in the form y = a(x — h)? + k. Find the vertex. 
any = x5 4k +7 b. y =x*-—2x -2 Co. Wi K2 — 6% +3 


d. y =x? + 4x -1 ey=x?+x4+2 fi ya x 3 








TAKE NOTE 


The units along the x-axis 

are different from those along 
the y-axis. If the units along 
the x-axis were the same as 
those along the y-axis, the 

~ graph would appear narrower 
than the one shown. 


AAA 
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Graphs of Functions 





The graphs of the polynomial functions f(x) = mx + b (a straight line) and 
f(x) = ax? + bx +c, a#0 (a parabola) have been discussed. The graphs of 
other functions can be drawn by finding ordered pairs that belong to the func- 
tion, plotting the points that correspond to the ordered pairs, and then drawing 
a curve through the points. 


=> Graph: F(x) = x> 


Select several values of x and evaluate the function. 





Plot the ordered pairs and draw a graph through the points. 
=> Graph: g(x) = x? — 4x + 5 
Select several values of x and evaluate the function. 


g(x) =x —4x4+5 










307) (3) 43) 5 (—3, -10) 
Se?) = 42s (£25) 
ere ly) 4c 1) 5 (—1/78) 
0 (0)3 — 4(0) + 5 (0, 5) 
1 (13 — 4(1) +5 (1, 2) 
2 (2)3 — 4(2) + 5 (2, 5) 


Plot the ordered pairs and draw a graph through the points. 


Note from the graphs of the two different cubic functions that the shapes of the 
graphs can be different. The following graphs of typical cubic polynomial func- 
tions show their general shapes. 


As the degree of a polynomial increases, the graph of the polynomial function 

can change significantly. In these cases, it may be necessary to plot many 

points before an accurate graph can be drawn. Only polynomials of degree 3 
_are considered here. ~~ 
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=> Graph: f(x) = |x + 2| 


This is an absolute value function. 





f(x) = |x + 2| (x, y) 












—3 |-3 + 2| (3,1) 
aa) |-2 + 2| (270) 
—1 |-1 + 2| (-1, 1) 
0 lo + 2| (0; 2) 
1 [1 + 2| (lees) 
2 \2 + 2| (2, 4) 


In general, the graph of the absolute value of a linear polynomial is V-shaped. 
m™> Graph: R(x) = V2x — 4 


This is a radical function. Because the square root of a negative number is 
not a real number, the domain of this function requires that 2x — 4 = 0. Solve 
this inequality for x. 


25 — Aen) 
2x =4 
x2 

The domain is {x|x = 2}. This means that only values of x that are greater 


than or equal to 2 can be chosen as values at which to evaluate the func- 
tion. In this case, some of the y-coordinates must be approximated. 


R@)= V2x=—4 











jy V2(2) — 4 (2, 0) 
3 V2(3) — 4 (3, 1.41) 
4 V2(4) — 4 (4, 2) 
5 V2(5) — 4 (5, 2.45) 
6 V2(6) — 4 (6, 2.83) 


Recall that a function is a special type of rela- 
tion, one for which no two ordered pairs have the 
same first coordinate. Graphically, this means 
that the graph of a function cannot pass through 
two points that have the same x-coordinate and 
different y-coordinates. For instance, the graph 
at the right is not the graph of a function be- 
cause there are ordered pairs with the same 
x-coordinate and different y-coordinates. 





This last graph illustrates a general statement that can be made about whether a 
graph defines a function. It is called the vertical-line test. 





Vertical-Line Test 






A graph defines a function if any vertical line intersects the graph at 
no more than one point. 






ee 


For example, the graph of a nonvertical 
straight line is the graph of a function. 
Any vertical line intersects the graph no 
more than once. The graph of a circle, 
however, is not the graph of a function. 
There are vertical lines that intersect 
the graph at more than one point. 
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There may be practical situations in which a graph is not the graph of a func- 


tion. The problem below is an example. 


One of the causes of smog is an inversion 
layer where temperatures at higher alti- 
tudes are warmer than those at lower al- 
titudes. The graph at the right shows the 
altitudes at which various temperatures 
were recorded. As shown by the dashed 
lines in the graph, there are two alti- 
tudes at which the temperature was 
25°C. This means that there are two or- 
dered pairs (shown in the graph) with the 
same first coordinate but different 
second coordinates. The graph does not 
define a function. 


Altitude (in feet) 





“408 20) 30) 


Degrees Celsius 


When a graph does define a function, the domain and range can be estimated 


from the graph. 


=> Determine the domain and range of 
the function given by the graph at the 
right. 


The solid dots on the graph indicate 
its beginning and ending points. 


The domain is the set of x-coordinates. 
Domain: {x|1 <x < 6} 


The range is the set of y-coordinates. 
Range: {y|2 <y <5} 


=> Determine the domain and range of 
the function given by the graph at the 
right. 


The arrows on the graph indicate 
that the graph continues in the same 
manner. 


The domain is the set of x-coordinates. 
Domain: {x|x € real numbers} 


The range is the set of y-coordinates. 
Range: {y| -4<y = 4} 
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Example 1 

Use the vertical-line test to determine 
whether the graph shown is the graph of a 
function. 


Solution 

A vertical line 
intersects the 
graph more than 
once. The graph 
is not the graph 
of a function. 


Example 2 
Graph f(x) = x — 3x. State the domain and 
range of the function. 


Solution 
domain: 
{x|x € real numbers} 
range: 
{y|y € real numbers} 


Example 3 
Graph f(x) = |x| + 2. State the domain and 
range of the function. 


Solution 


domain: 

{x|x € real numbers} 
range: 

{yly = 2] 


Example 4 
Graph f(x) = V2 — x. State the domain and 
range of the function. 
Solution 
domain: {x|x < 2} 
range: {y|y = 0} 


You Try It 1 

Use the vertical-line test to determine 
whether the graph shown is the graph of a 
function. 


Your solution 


You Try It 2 
Graph f(x) = -5x3 + 2x. State the domain 


and range of the function. 


Your solution 


You Try It 3 
Graph f(x) = |x + 2]. State the domain and 
range of the function. 


Your solution 
af 


You Try It 4 


Graph f(x) = —Vx — 1. State the domain and 
range of the function. 


Your solution 


Solutions on p. S32 
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11.3 Exercises 


ee Oe ee see Ci @. 58.187 16) 18: (0) 16 Fe ie) ele: e. je: 0 0. fei,ee * 0 Je 6 © 8 “e. 0) “oe 


Objective A 


Use the vertical-line test to determine whether the graph is the graph of a function. 





Graph the function and state its domain and range. 


7. f(x) = 3|2 —<| 82 fG) =x? — 1 





11. f(x)=V4-x 
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1S: {= 4) 4s A 14. (GQ) = 3 = ee 15. 





18. f@)= 2k + 1| 
y 


16. 





APPLYING THE CONCEPTS 


19. Iff(@) = Vx — 2 and f(a) = 4, finda. 
20. Iff(@) = Vx + 5 and f(a) = 3, finda. 


21. f(a, b) = the sum ofa andb 
g(a, b) = the product of a and b 
Bind. f(2;,5)+ 2(2,5): 


22. f(a, b) = the greatest common divisor of a and b 
g(a, b) = the least common multiple of a and b 
Find f(14, 35) + 2(14, 35). 


23. Let f(x) be the digit in the xth decimal place of the repeating decimal 
0.387. For example, f(3) = 7 because 7 is the digit in the third decimal 
place. Find f(14). 


24. Given f(x) = (« + 1)(« — 1), for what values of x is f(x) negative? Write 
your answer in set-builder notation. 


25. Given f(x) = —|x + 3], for what value of x is f(x) greatest? 


26. Given f(x) = |2x — 2|, for what value of x is f(x) smallest? 
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The operations of addition, subtraction, multiplication, and division of func- 
tions are defined as follows. 


Operations on Functions 


If fand g are functions and xis an element of the domain of each 
function, then 


(f + gx) = f(x) + g(x) (f+ g)(x) = f(x) - g(x) 


(f — g)(x) = f(x) — g(x) (=) = i g(x) # 0 





=> Given f(x) = x? + 1 and g(x) = 3x — 2, find (f + g)(3) and (f- g)(-1). 
Gee) =f 2) e(2) 
= (3)? 1113) — 2] 
= 11) 42 9/ = 17 
Coe Ui Ber = 1) 
1 Decl) (3 1) = 2) 
=2-(-5) = —10 


Consider the functions f and g from the last example. Let S(x) be the sum of 
the two functions. Then 
S(x) = (f + g)(x) = f(x) + g(x) © The definition of addition of functions 
= (x? + 1) + (3x — 2) © f(x) = x2 +1, g(x) =3x—2 
SG )= asin SH 1 
Now evaluate S(3). 
Soyo) oto | 
Spay besa | 
17 = (hate 3) 


Note that S(3) = 17 and (f + g)(3) = 17. This shows that adding f(x) + g(x) 
and then evaluating is the same as evaluating f(x) and g(x) and then adding. 
The same is true for the other operations on functions. For instance, let P(x) be 
the product of the functions f and g. Then 


P(x) = (f- g(x) = f(&) - g(x) 
= (x2 + 1)(3x — 2) 
Sa aa 4 oa, — 2 
P(—1) = 3(-1)3 — 2(-1)? + 3(-1) - 2 
=-3-2-3-2 
=-10= (f- g)(-D)_ 
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m> Given f(x) = 2x2 — 5x + 3 and g(x) =x? — 1, find (FJ 


(Ean = _ {oe 


g(1) 

_ 20)? - 5(1) +3 

= (real 
0 

a e Nota real number 
0 


0 : ; i 
Because é is not defined, the expression (E\a) cannot be evaluated. 


Example 1 You Try It 1 
Given f(x) = x2 —x + l and g(x) =x — 4, Given f(x) = x? + 2x and g(x) = 5x — 2, 
find (f — g)(3). tind (jf 2)(—2). 


Solution Your solution 
(f — g)(3) =f) — g@) 

= (3?-3+1)-(33- 

= 7 — 23 

= —il(6 


C223) == 


Example 2 You Try It 2 
Given f(x) = x? + 2 and g(x) = 2x + 3, find Given f(x) = 4 — x? and g(x) = 3x — 4, 
Ge 2). find (f - g)(3). 
Solution Your solution 
i a2) ai Ge2) 8G) 
eee) ee 2 i (2(= 2) | 
66 (sh) 
—6 


(f - g)(—2) = -6 


Example 3 You Try It 3 
Given f(x) = x? + 4x + 4 and a= Swe2; Given f(x) = x* — 4and g(x) = x2 + 2x + 1, 


find ()). find (£). 


Solution Your solution 
f(3) 
(f Ieee g(3) 
_ 37+ 4(3) +4 
NHIBISAL 2 
ee 
95 
=1 


Jo 


Solutions on p. S32 } 





Section 11.4 / Algebra of Functions 605 


Objective B~ To find the composition of two FUNCTIONS ...........+..+s:-s0++00+000+0000000- ( {40} | 


A function can be evaluated at the value of another function. Consider 
f%)=2x +7 and g(x) =x7 +1 
The expression f[g(—2)] means to evaluate the function f at g(—2). 
e=2) = 2) 1 =H4 el =5 
fle(—2)] =f) = 2(5) + 7 = 10+ 7 =17 


Definition of the Composition of Two Functions 


Let fand g be two functions such that g(x) is in the domain of f for 
all xin the domain of g. Then the composition of the two functions, 


denoted by f° g, is the function whose value at xis given by 
(f° gx) = flg(x)]. 





The function defined by f[g(x)] is called the composite of f and g. 


The requirement in the definition of the composition of two functions that g(x) 
be in the domain of f for all x in the domain of g is important. For instance, let 





f(x) = zs : i and ee) = 3% —5 
When x = 2, 
g(2) = 3(2)-5 = 1 
pie) =O a ~ 7 © This is not a real number. 


In this case, g(2) is not in the domain of f. Thus the composition is not defined 
at 2. 


=> Given f(x) = x3 — x + 1 and g(x) = 2x? — 10, evaluate (g °f)(2). 
f2) = (2)? -@Q)+1=7 
(oi (2) eh 2) 
= (7) 
= 2(7)- —10'= 88 


(g of (2) = 88 


=> Given f(x) = 3x — 2 and g(x) = x? — 2x, find (f° g)(x). 


(fe g(x) = flg(x)] = 3(«? — 2x) - 2 
= 3x" — 6%. — 2 


In general, the composition of functions is not a commutative operation. That 
is, (f° g)(x) # (g °f)(x). To show this, let f(x) = x + 3 and g(x) = x? + 1. Then 


(f° gx) = fle)] (gof (x) = glf(x)] 
= (x7 +1)+3 =(x + 3)?4+1 
=x? +4 =x Ox: +210 


Thus (f°g)(x) # (gf )(x). 


= 


a 
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Example 4 
Given fi(<) =<7 — x and 2) = 3% — 2, 
find f[g(3)]. 


Solution 
g(x) =e 32 
g(3) = 3(33) -2 =9-2=7 
f(x) =x? =x 

ie) eae ante 2 


Example 5 
Given f(x) = 2x? = x + 1 and 
eval =e find (g°f)(—1). 


Solution 
f(x) = 2x7 -—x+1 


fe Deave lS Op = 4 
g(x) = 1 =x? 
(g°f\(-1) = g[f-D)] 
== 1 — 42 = —15 


Example 6 
Given s(t) = t? + 3t — 1 and 
v(t) = 2t + 1, determine s[v(f)]. 


Solution 
s(t) = 12+ 3t-1 
s[lv@] = (24 + 1)? + 32 + 1) -1 
=47+4¢+1+6t+3-1 
= 477 + 10¢ + 3 


Example 7 
Given P(x) = x? and S(x) = Vx, 
determine P[S(x)]. 


Solution 
PG) xe 
P[S(x)] = P(Vx) = (Vx)? = x 


You Try It 4 
Given f(x) = 1 — 2x and g(x) = x’, 
find f[g(—1)]. 


Your solution 


You Try It 5 
Given f(x) = 3x — 1 and g(x) = ea 
find (gf )(1). 


Your solution 


You Try It 6 
Given L(s) =s + land M(s) = s3 + 1, 
determine M[L(s)]. 


Your solution 


You Try It 7 
Given V(x) = x? + 1 and W(x) = —Vx — 1, 
find V[W(x)]. 


Your solution 


Solutions on pp. S32-S33 
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Objective A 


For f(x) = 2x? — 3 and g(x) = —2x + 4, find: 


1. (f—g)(2) 2. (f — g)(3) 

a G t 2)) 5. (f+ g)(2) 

2 (Ce 5 (Ben 
e g 


For f(x) = 2x? + 3x — 1 and g(x) = 2x — 4, find: 


nor GF + 2)(—3) 11. .G +2) 

13. (f-—g)(4) 14. (f-g)(-2) 

16. fe 17. [E)-9 
g g 


Romo 4--+ 3x%5-—5 and g(x) = x° — 2x+- 3, find: 


19. (f= 22) 20. (f-g)(-3) 


Objective B 


12. 


15. 


18. 


21. 


Given f(x) = 2x — 3 and g(x) = 4x — 1, evaluate the composite function. 


22. fl2(0)] 23. gf f(0)] 


25. glf(—2)] 26. f[g(x)] 





24. 


27. 


(f + g)(0) 


he GGL) 


i 


fa ee2) 


(f-g)Q) 


1 
(is (5) 


i) 


flg(2)] 


slf)] 
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Given h(x) = 2x + 4 and f(x) = ox + 2, evaluate the composite function. 


28. (hef)(0) 29. (feh)(0) 30. (hef)(2) 


31. (feh)(-1) 32. (hof (x) 33. (feh)(x) 


Given f(x) = x2 +x + 1 and h(x) = 3x + 2, evaluate the composite function. 


34. (feh)(0) 35. (hf)(0) 36. (feh)(-1) 


Oe Ue 38. (feh)(x) 39. (hof)(x) 


Given f(x) = x — 2 and g(x) = x3, evaluate the composite function. 


— 40. (feg)(2) al (fg) 1) 42. (g°f)(2) 


fase (es /\(—1) 44. (fog)(x) 45. (gof)(x) 


APPLYING THE CONCEPTS 


| For the function g(x) = x? — 1, find: 


46. 2(2 +h) 47. 2(3 hh) 2G) 48. g(-1 + kh) > 2@1) 
PeeWee) Oe prs tele tail Neste) 51, 8a th) = 2a) 
h h h 
Given f(x) = 2x, g(x) = 3x — 1, and h(x) = x — 2, find: 
52. f(gih(2)]) 53. gin f(1)1) 54. h(eLf(—1)]) 


ae) 56. f(gth()) 57. g(ffh(x)]) 





Section 11.5 / One-to-One and Inverse Functions 609 






One-to-One and Inverse Functions 





Objective A To determine whether a function is ON@-tO-ONE .............cs0c000000000- 740} ) 


Recall that a function is a set of ordered pairs in which no two ordered pairs 
that have the same first coordinate have different second coordinates. This 
means that given any x, there is only one y that can be paired with that x. A 
one-to-one function satisfies the additional condition that given any y, there 
is only one x that can be paired with the given y. One-to-one functions are 
commonly written as 1-1. 


TAKE NOTE 


One-to-One Function 


Recall that a function is a set , F TCR ‘ , 
of ordered pairs in which no A function f is a 1-1 function if, for any a and bin the domain of f, 
two ordered pairs have the f(a) = f(b) implies that a = b. 
same first coordinate. A 1-1 
function is a function in 
which no two ordered pairs 
have the same second 
coordinate. 





This definition states that if the y-coordinates of an ordered pair are equal, 
f(a) = f(b), then the x-coordinates must be equal, a = b. 


The function defined by f(x) = 2x + 1 is a 1-1 function. To show this, deter- 
mine f(a) and f(b). Then form the equation f(a) = f(b). 


fia) =2a+1 f(b) = 2b + 1 
f(a) = f(b) 
2a+1=2b+1 
2a = 2b e Subtract 1 from each side of the equation. 
a=b e Divide each side of the equation by 2. 


Because f(a) = f(b) implies that a = b, the function is a 1-1 function. 

Consider the function defined by g(x) = x? — x. Evaluate the function at —2 and 3. 
g(=2)- 2G 2)7ait 26 g(3) = 3? -3 =6 

From this evaluation, g(—2) = 6 and g(3) = 6, but —2 # 3. Thus f is not a 1-1 

function. 


The graphs of f(x) = 2x + 1 and g(x) = x? — x are shown below. Note that a 
horizontal line intersects the graph of f at no more than one point. However, a 
horizontal line intersects the graph of g at more than one point. 





f(x) =2x +1 
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Looking at the graph of f on the previous page, note that for each y-coordinate 
there is only one x-coordinate. Thus f is a 1-1 function. From the graph of g, 
however, there are two x-coordinates for a given y-coordinate. For instance, 
(—2, 6) and (3, 6) are the coordinates of two points on the graph for which the 
y-coordinates are the same and the x-coordinates are different. Therefore, g is 
not a 1-1 function. 


Horizontal-Line Test 


The graph of a function represents the graph of a 1-1 function if 
any horizontal line intersects the graph at no more than one point. 


Example 1 You Try It 1 
Determine whether the graph is the graph Determine whether the graph is the graph 
of a 1-1 function. of a 1-1 function. 


Solution Your solution 
Because a horizontal line intersects the 

graph more than once, the graph is not the 

graph of a 1-1 function. 





Objective B_ To find the inverse of @ FUNCTION. ............21..ccccccccceesecceeseccseesececeeesees €L9) 


The inverse of a function is the set of ordered pairs formed by reversing the 
coordinates of each ordered pair of the function. 


For example, the set of ordered pairs of the function defined by f(x) = 2x with 
domain {—2, —1, 0, 1, 2} is {(—2, —4), (—1, —2), (0, 0), (1, 2), (2, 4)}. The set of 
ordered pairs of the inverse function is {(—4, —2), (—2, — 1), (0, 0), (2, 1), (4, 2)} 
From the ordered pairs of f, we have 

domain = {—2, —1, 0, 1, 2} and range = [—4, —2, 0, 2-4) 
From the ordered pairs of the inverse function, we have 

domain = {—4, —2, 0, 2, 4} and range ={— 2,51) 015.2) 


Note that the domain of the inverse function is the range of the function, and the 
range of the inverse function is the domain of the function. 


Now consider the function defined by g(x) = x? with domain (2, 0 1 
The set of ordered pairs of this function is {(—2, 4), (1, ); ©, 0), Gale 
Reversing the ordered pairs gives {(4, —2), (1, —1), (0, 0), (1, 1), (4, 2)}. These 
ordered pairs do not satisfy the condition of a function, because there are 
ordered pairs with the same first coordinate and different second coordinates. 
This example illustrates that not all functions have an inverse function. 


TAKE NOTE 


It is important to note that 
f-‘is the symbol for the 
inverse function and does not 
mean reciprocal. 


1 
= Ee 
Fax) fo) 


TAKE NOTE 


The inverse of a function is 
the function with the 
coordinates of the ordered 
pairs reversed. This means 
interchanging the x and y. 


“The Srap Ns Ol Asx sed yu Sno OO Oso 
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g(x) = x* with the set of real 
numbers as the domain are 
shown at the right. 


By the horizontal-line test, 
f is a 1-1 function, but g is 
not. 





fe) ex 





Condition for an Inverse Function 


A function f has an inverse function if and only if fis a 1-1 function. 





The symbol f~! is used to denote the inverse of the function f. The symbol f~!(x) 
is read “f inverse of x.” 


f~'(x) is not the reciprocal of f(x) but is the notation for the inverse of a 1-1 
function. 


To find the inverse of a function, interchange x and y. Then solve for y. 


=> Find the inverse of the function defined by f(x) = 3x + 6. 


f(x) = 3x + 6 
y=3x+6 ® Replace f(x) by y. 
x=3y+6 © Interchange x and y. 
x-6=3y ® Solve for y. 
1 
Be —2=y 
1 
f(@«) = ao 2 e Replace y by f—"(x). 


1 
The inverse of the function is given by f~'(x) = a 2, 


The fact that the ordered pairs of the inverse of a function are the reverse of 
those of the function has a graphical interpretation. In the graph in the middle, 
the points with the coordinates reversed from the first graph are plotted. The 
inverse function is graphed by drawing a smooth curve through those points, 
as shown in the figure on the right below. 





Note the dashed graph of y = x that is shown in the figure on the right. If two 
functions are inverses of each other, their graphs are mirror images with respect 
to the graph of the line y =x. 


ol 
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The composition of a function and its inverse have a special property. 


Property of the Composition of Inverse Functions 


f-"[F(x)] = x and f[f-"(x)] = x 





This property can be used to determine whether two functions are inverses of 
each other. 


mp Are f(x) = 2x — 4 and g(x) = xt + 2 inverses of each other? 


To determine whether the functions are inverses, use the Property of the 
Composition of Inverse Functions. 


fst =2[5x +2) -4 gfx) = (2x — 4) +2 
=x+4-4 =x-2+2 


Because f[g(x)] = x and g[f(x)] = x, the functions are inverses of each other. 


Example 2 You Try It 2 
Find the inverse of the function defined by Find the inverse of the function defined by 


ee flr) = 4x + 4. 
Solution Your solution 
F(x) = 24 3 
y=2x-3 Replace f(x) by y. 
w= 2y— 3 Interchange x and y. 
Solve for y. 


Replace y by f(x). 


The inverse of the function is given by 


1 3 
al — _ 
ox) nhs iio: 


Example 3 ; You Try It 3 
Are f(x) = 3x — 6 and g(x) = 3x + 2 Are f(x) = 2x — 6 and g(x) = ox na 


inverses of each other? inverses of each other? 
Solution Your solution 


flg@)] = 3(fx + 2)-6=x+6-6=x 
glf(x)] = F@x - 6) +2=x-24+2=x 


Yes, the functions are inverses of each 
other. 


Solutions on p. S33 
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11.5 Exercises 


© 6) 10) s'e| Ve: Ue) cece 26) fe e7tee ev Ore fe eee e716) je, (6 © 36 ‘@ 2 (©. 0/06 e 





Objective A 


Determine whether the graph represents the graph of a 1-1 function. 


1. 








Objective B 


13. What is the inverse of a function? 
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14. What does the notation f~!(x) mean? 


Find the inverse of the function. If the function does not have an inverse 
function, write “no inverse.” 


15. {(1, 0), (2, 3), (3, 8), (4, 15)) 16. {(1, 0), (2, 1), (-1, 0), (-2, 0)} 
17. ((3, 5), (-3, —5), (2, 5), (-2, -5)) 18. {(—5, —5), (-3, -1), (-1, 3), (1, 7) 

| 19. {(0, —2), (1, 5), (3, 3), (-4, 6)] 20s (2, =2), (0; 0) (22 nae 
21. {(—2, -3), (-1, 3), (0, 3), (1, 3)) 22. {(2, 0), C1, 0), G, 0), G0) 
Find f~1(x). 
23. f(x) =4x-—8 24. f(x) =3x+6 25. f(x) =2x+4 
26. f(x)=x—-5 27. f(x) = xe —1 28. f(x) = = ey 
29. f(x) = —2x +2 30. f(x) = —3x -9 31. f(x) = ox +4 
32. f(x) = =x - 33. f(x) = -3x I 34. f(x) = -Sx +2 
35. fix) =2x—5 36. f(x) =3x+4 37. f) =5x>2 


38. f(x) =4« -2 39. f(x) = 6x —3 40. f(x) = -8« +4 
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Ae fay = =e een 42. f(x) =8x +6 43. f(x) =3x-4 
44. f(x) = 2 5 45. ple -=n +4 46. f(x)=5x+5 
ASA) (C= 3k 2 48. f(x) =ax + 4 49. f(x)= -= 22 


Use the Property of the Composition of Inverse Functions to determine 
whether the functions are inverses of each other. 


50. f(x) = 4x; g(x) =7 51. g(x) =x+5;h(x)=x—-5 
52. f(x) = 3x; h(x) == 53. hw) =x+2;e9(x)=2-<x 
Beene 2G) =x 5 55; hi) = 4t — fe = +2 
: 2 are We h() = —2x + 1 
56. f(x) = 5% — 5 g(x) = 2x + 3 57. g(x) = + 5% rie (x) = —2x 
2 4 mn 
58. f(x) = Sx + 2; g(x) = ee cna 59, fs) = 3x — 2, e(x) = 2 — 3x 
60. h(x) = =x + = g(x) = = Sx + - 61. g(x) = -3x = 21) = —24 — 4 


62. g(x) = - 5x + 3;h(«) =S4 BZ 63. f(x) = -3x ae = 5) A(x) = —2x +3 


2 
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APPLYING THE CONCEPTS 


Given the graph of the 1-1 function, draw the graph of the inverse of the 
function by using the technique shown in Objective B of this section. 





Each of the tables below defines a function. Is the inverse of the function 
a function? Explain your answer. 


70. Grading Scale Table 71. First-Class Postage 


Y Y 





Iff is a 1-1 function and f(0) = 1, f(3) = —1, and f(5) = —3, find: 


72) £3) 733 f2X—1) 74. f-1(1) 


If fis a 1-1 function and f(—3) = 3, f(—4) = 7, and f(0) = 8, find: 


75. f-1(3) 76. f-\(7) 77. £-(8) 


Is the inverse of a constant function a function? Explain your answer. 


The graphs of all functions given by f(x) = mx + b, m # 0, are straight 
lines. Are all of these functions 1-1 functions? If so, explain why. If not, 
give an example of a linear function that is not 1-1. 


/ 
Y 


ee CANAAN wy i 
‘ 
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Objective A 













SS 


POINT OF INTEREST 


Hypatia (c. 340-415) is 
considered the first prominent 

woman mathematician. She 
lectured in mathematics and 
philosophy at the Museum in 
Alexandria, the most 
distinguished place of learning 
in the world. One of the topics 
on which Hypatia lectured was 
conic sections. One historian 
has claimed that with the death 
(actually the murder) of 
Hypatia, “the long and glorious 

history of Greek mathematics 
was at an end.” 
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Conic Sections 


To graph a parabolas..iiics.sscisesssieieticsisstetesisesteeberssersers {41} ) 


The conic sections are curves that can be constructed from the intersection of 
a plane and a right circular cone. The parabola, which was introduced earlier, is 
one of these curves. Here we will review some of that previous discussion and 
look at equations of parabolas that were not discussed before. 


Dy 





| symmetry 


Every parabola has an axis of symmetry and a vertex that is on the axis of sym- 
metry. To understand the axis of symmetry, think of folding the paper along that 
axis. The two halves of the curve will match up. 


The graph of the equation y = ax? + bx + c,a #0, is a parabola with the axis of 
symmetry parallel to the y-axis. The parabola opens up when a > 0 and opens 
down when a < 0. When the parabola opens up, the vertex is the lowest point on 
the parabola. When the parabola opens down, the vertex is the highest point on 
the parabola. 


The coordinates of the vertex can be found by completing the square. 
=> Find the vertex of the parabola whose equation is y = x? — 4x + 5. 


WK agit 5 
yas = 4x) + 5 
y= (x2 = 4x 4) — 45 


© Group the terms involving x. 

© Complete the square of x? — 4x. Note that 4 is 
added and subtracted. Because 4 — 4 =0, 
the equation is not changed. 


a(x 2)? +1 ® Factor the trinomial and combine like terms. 


The coefficient of x* is positive, so the parabola 
opens up. The vertex is the lowest point on 
the parabola, or the point that has the least 
y-coordinate. 


Because (x — 2)? = 0 for all x, the least y-coordi- 
nate occurs when (x — 2)* = 0, which occurs 
when x = 2. This means the x-coordinate of the 
vertex is 2. 





To find the y-coordinate of the vertex, replace x in y = (x — 2)? + 1 by 2 and 
solve for y. 


eae 2) tL 
=(2-2+1=1 


The vertex is (2, 1). —— 
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POINT OF INTEREST 


The suspension cables for 
some bridges, such as the 
Golden Gate bridge, hang in the 
shape of a parabola. Parabolic 
shapes are also used for 
mirrors in telescopes and in 
certain antenna designs. 


By following the procedure of the last example and completing the square on the 
‘ ; b 
equation y = ax? + bx +c, we find that the x-coordinate of the vertex is <3 


The y-coordinate of the vertex can then be determined by substituting this value 
of x into y = ax? + bx + c and solving for y. 


Because the axis of symmetry is parallel to the y-axis and passes through the ver- 


: : b 
tex, the equation of the axis of symmetry is x = ey 


=> Find the vertex and axis of symmetry of the parabola whose equation is 
y = —3x? + 6x + 1. Then sketch its graph. 


6 
x-coordinate: -— = -——~- = 1 ® Find the x-coordinate of the vertex and 


2a 2(—3) the axis of symmetry, a= —3, b= 6. 


The x-coordinate of the vertex is 1. 
The axis of symmetry is the line x = 1. 


To find the y-coordinate of the vertex, replace x by 1 and solve for y. 


= —3x2 + 64+ 1 
3(1)7aR6(L) Aris 4 


< 
| 


The vertex is (1, 4). 


Because a is negative, the parabola opens down. 





Find a few ordered pairs and use symmetry to 
sketch the graph. 


= Find the vertex and axis of symmetry of the parabola whose equation is 
y = x? — 2. Then sketch its graph. 


0 


x-coordinate: — Di =-— xD =0 ¢ Find the x-coordinate of the vertex and 
the axis of symmetry. a = 1, b= 0 


The x-coordinate of the vertex is 0. 
The axis of symmetry is the line x = 0. 


To find the y-coordinate of the vertex, replace x by 0 and solve for y. 


y= a2 —2 
=02—-2= 2 


The vertex is (0, —2). 
Because a is positive, the parabola opens up. 


Find a few ordered pairs and use symmetry to 
sketch the graph. 
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as 


The graph of an equation of the form ‘ y 
x =ay* + by +c,a #0, is also a parabola. In this mee 

case, the parabola opens to the right when a is pos- : “4 
itive and opens to the left when a is negative. ciassesiil 






For a parabola of this form, the y-coordinate of the 

; b . : : 
mae ae The axis of symmetry is the line 
ya 


Using,the vertical line test, the graph of a parabola of this form is not the graph 
of a function. The graph of x = ay? + by + c is a relation. 


=> Find the vertex and axis of symmetry of the parabola whose equation is 
x = 2y? — 8y + 5. Then sketch its graph. 


; =o 
y-coordinate: — —— = 


Sie @ Fj : 
2a 2(2) Find the y-coordinate of the vertex and 


the axis of symmetry. a = 2, b= —8 


The y-coordinate of the vertex is 2. 
The axis of symmetry is the line y = 2. 


To find the x-coordinate of the vertex, replace y by 2 and solve for x. 


K = Dy? — Sy 5 
= 2(2)7 — 8(2) 4.5. = 3 


The vertex is (—3, 2). 


Since a is positive, the parabola opens to the 
right. 





Find a few ordered pairs and use symmetry to 
sketch the graph. 


=> Find the vertex and axis of symmetry of the parabola whose equation is 
x = —2y? — 4y — 3. Then sketch its graph. 


-4 

y-coordinate: — Salt 9-2) =—-1 * Find the y-coordinate of the vertex and 
(—2) the axis of symmetry. a= —2, b= —4 

The y-coordinate of the vertex is —1. 

The axis of symmetry is the line y = —1. 

To find the x-coordinate of the vertex, replace y by —1 and solve for x. 


n= —2y>— 4y 33 
ei 4C 1) 3 = 1 


The vertex is (—1, —1). 


Because a is negative, the parabola opens to the 
left. 





Find a few ordered pairs and use symmetry to 
sketch the graph. 
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Example 1 

Find the vertex and axis of symmetry of the 
parabola whose equation is y = x? — 4x + 3. 
Then sketch its graph. 


Solution 


axis of symmetry: 
x=2 


= 2? — 4(2) +3 
=-1 


werteax: (27-1) 


Example 2 

Find the vertex and axis of symmetry of the 
parabola whose equation is 

x = 2y* — 4y + 1. Then sketch its graph. 


Solution 


b 


2a 
axis of symmetry: 
y= 1 


2(1)? — 4(1) + 1 
=-1 


Vvertexs (= 1.1) 


Example 3 

Find the vertex and axis of symmetry of the 
parabola whose equation is y = x? + 1. 
Then sketch its graph. 


Solution 


b 


verbex: (0:1) 





You Try It 1 

Find the vertex and axis of symmetry of the 
parabola whose equation is y = x? + 2x + 1. 
Then sketch its graph. 


Your solution 


You Try It 2 

Find the vertex and axis of symmetry of the 
parabola whose equation is 

x = —y? — 2y + 2. Then sketch its graph. 


Your solution 


You Try It 3 

Find the vertex and axis of symmetry of the 
parabola whose equation is y = x? — 2x — 1. 
Then sketch its graph. 


Your solution 


Solutions on p. S33 
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as 


Objective B_ To find the equation of a circle and to graph a circle. ................... {42} ) 
TAKE NOTE A circle is a conic section formed by the intersection of a cone and a plane 


As the angle of the plane that 
intersects the cone changes, 
different conic sections are 
formed. For a parabola, the 
plane was parallel to the side 
of the cone. For a circle, the 
plane is parallel to the base 

_of the cone. 


parallel to the base of the cone. 


y 
Z>—radius 
fe center 
Ny ete 





A circle can be defined as all the points (x, y) in the plane that are a fixed 


distance from a given point (h, k) called the center. The fixed distance is the 
radius of the circle. 


The Standard Form of the Equation of a Circle 


Let rbe the radius of a circle and let (h, k) be the coordinates of the 
center of the circle. Then the equation of the circle is given by 


(x= h}? + (y—k? = r? 





=> Sketch a graph of (x — 1)? + (y + 2) = 9. 
a — 1)? + by 2)F = 3? ¢ Rewrite the equation in standard form. 
center: (1, —2) radius: 3 . 





=> Find the equation of the circle with radius 4 and center (—1, 2). Then sketch 
its graph. 


(x -—hP+(y-kPrar e Use the standard form of the equation 
of a circle. 
[x —-(-1) 2? + (y-2¥ =# Replace r by 4, A by —1, and k by 2. 
@ +12 + (y-27%.= 16 


e Sketch the graph by drawing a circle 
with center (—1, 2) and radius 4. 
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Applying the vertical-line test reveals that the graph of a circle is not the graph 
of a function. The graph of a circle is the graph of a relation. 


Example 4 You Try It 4 ® 
Sketch a graph of (x + 2)? + (y — 1)? = 4. Sketch a graph of (x — 2)? + (y + 3)? = 9. 


Solution Your solution 
Come als 

Pe er 

center: (f, k) =(—2, 1) 

FACS 7 = 2 


Example 5 You Try It 5 

Find the equation of the circle with Find the equation of the circle with 
radius 5 and center (—1, 3). Then sketch radius 4 and center (2, —3). Then sketch 
its graph. its graph. 


Solution Your solution 
aay ey re 

ae (aE ay 37 52 
(gue) (y = 3)* = 25 
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Objective C To graph an ellipse with center at the OFiQiM ..........-.scssssvsvesssvsssou (@) 


_ POINT OF INTEREST 












The word ellipse comes from 
he Greek word ellipsis, which 
eans “deficient.” The method 
by which the early Greeks — 
alyzed the conics caused a 
certain area in the construction 
of the ellipse to be less than 
other area (deficient). The 
word ellipsis in English, which 
‘means “omission,” has the 
same Greek root as the word 
ellipse. — 








The orbits of the planets around the sun are “oval” shaped. This oval shape can 
be described as an ellipse, which is another of the conic sections. 





There are two axes of symmetry for an ellipse. The intersection of these two 
axes is the center of the ellipse. 


An ellipse with center at the origin is 
shown at the right. Note that there are two 
x-intercepts and two y-intercepts. 





The Standard Form of the Equation of an Ellipse with Center 
at the Origin 

2 2 
The equation of an ellipse with center at the origin is a a fe = 1. 
The x-intercepts are (a, 0) and (—a, 0). The y-intercepts are (0, 5) 
and (0, — 4). 





By finding the x- and y-intercepts for an ellipse and using the fact that the 
ellipse is “oval” shaped, we can sketch a graph of an ellipse. 


x2 


2 

Dy 
ae 
2 4 ; 


=> Sketch the graph of the ellipse whose equation is 
x2 y? , x2 y? 
Comparing 5 + 7 = 1 with % apg ly we have a? = 9 and b? = 4. 
Therefore, a = 3 andb =2. 


The x-intercepts are (3, 0) and (—3, 0). 
The y-intercepts are (0, 2) and (0, —2). 


Use the intercepts to sketch a graph of 
the ellipse. 





Using the vertical-line test, we find that the graph of an ellipse is not the graph 


_ of a function. The graph of an ellipse is the graph of a relation. 
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2 2 
=> Sketch a graph of the ellipse whose equation is ae es Ss a 


POINT OF INTEREST The x-intercepts are (4, 0) and (—4, 0). © a? = 16, b? = 16 
For a circle, a= band The y-intercepts are (0, 4) and (0, —4). 
thus # = 1. Early Greek 


astronomers thought that 
each planet had a circular 
orbit. Today we know that 
the planets have elliptical 
orbits. However, in most 
cases the ellipse is very 
nearly a circle. 


e Use the intercepts and symmetry to 
sketch the graph of the ellipse. 


For Earth, © ~ 1.00014. The 


most elliptical orbit is Pluto's, 


for which i ~ 1.0328. 





The graph in this example is the graph of a circle. A circle is a special case of 


2 Zz 
an ellipse. It occurs when a* = b? in the equation os + o sr 


Example 6 You Try It 6 
Sketch a graph of the ellipse whose Sketch a graph of the ellipse whose 


een ks z ony 1 
——- : ion is — + <= 1. 
equation 1s 9 equation 1s 4 5 
Solution Your solution 
x-intercepts: 
(3, 0) and (—3, 0) 


y-intercepts: 
(0, 4) and (0, —4) 


Example 7 You Try It 7 
Sketch a graph of the ellipse whose Sketch a graph of the ellipse whose 
jae 


Mee ae ie Boge eee 
equation is a + equation is oe is 


2 


Solution Your solution 
x-intercepts: 

(4, 0) and (—4, 0) 

y-intercepts: 

(0, 2V3) 

and (0, —-2V3) 

(2V3 ~ 3.5) 





Solutions on p. S33 
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ObjectiveD To graph a hyperbola with center at the Bae ee aI, (144) ) 
POINT OF INTEREST A hyperbola is a conic section that is formed by the intersection of a cone and a 


Hyperbolas are used in LORAN 


(LOng RAnge Navigation) as 


a method for a ship's navigator 


to determine the position of ~ 
the ship. 


POINT OF INTEREST 


The word hyperbola comes 
from the Greek word 
yperboli, which means 

— “exceeding.” The method by 
which the early Greeks 

‘analyzed the conics caused a 
Certain area in the 
construction of the hyperbola 
to be greater than (to 
exceed) another area. The 
word hyperbole in English, 
meaning “exaggeration,” has 
the same Greek root as the 
word hyperbola. 


The word asymptote comes 
from the Greek word 
asymptotos, which means 
“not capable of meeting.” 


plane perpendicular to the base of the cone. 





The hyperbola has two vertices and an axis of symmetry that passes through 
the vertices. The center of a hyperbola is the point halfway between the two 
vertices. 


The graphs at the right show two Y Y 
possible graphs of a hyperbola with 
center at the origin. 


In the first graph, an axis of sym- 
metry is the x-axis and the vertices 
are x-intercepts. 


In the second graph, an axis of sym- 
metry is the y-axis and the vertices 
are y-intercepts. 


Note that in either case, the graph of a hyperbola is not the graph of a function. 
The graph of a hyperbola is the graph of a relation. 


The Standard Form of the Equation of a Hyperbola with 
Center at the Origin 


The equation of a hyperbola for which an axis of symmetry is the 


X-axis is = = a = 1. The vertices are (a, 0) and (—a, 0). 


The equation of a hyperbola for which an axis of symmetry is the 
2 2 


y-axis is = = = 1. The vertices are (0, b) and (0, — 5). 





To sketch a hyperbola, it is helpful to draw two 
lines that are “approached” by the hyperbola. 
These two lines are called asymptotes. As the 
hyperbola gets farther from the origin, the hy- 
perbola “gets closer to” the asymptotes. 


Because the asymptotes are straight lines, their 
equations are linear equations. The equations of 
the asymptotes for a hyperbola with center at 





ne b b 
the origin are y = 7x andy = —"x. 
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= Sketch a graph of the hyperbola whose equation is a 


2 2 
2S aT 
a : 


An axis of symmetry is the y-axis. 


b*=9 a@=4 

The vertices are (0, 3) and (0, —3). © The vertices are (0, b) and (0, —d). 

The asymptotes are y = a andy = — =a. ® The Te a are y= ax and 
see 





Example 8 
Sketch a graph of the hyperbola whose 


x Seas 


equation is 77 — | 


Solution 
axis of symmetry: 
X-axis 


vertices: 
(4, 0) and (—4, 0) 


asymptotes: 


y = 5x and y = —3x 


Example 9 
Sketch a graph of the hyperbola whose 
y? x2 


equation 1s 16. 25 


Solution 
axis of symmetry: 
y-axis 


vertices: 
(0, 4) and (0, —4) 


asymptotes: 


a a and y =—4, 


5 5 


e Sketch the asymptotes. Use symmetry and 
the fact that the hyperbola will approach the 
asymptotes to sketch its graph. 


You Try It 8 
Sketch a graph of the hyperbola whose 
x2 


equation is 5 


Your solution 


You Try It 9 

Sketch a graph of the hyperbola whose 
2 

equation is By = 


Your solution 
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11.6 Exercises 
USS SERN ATTN RAD TEARS 
Objective A 


Find the vertex and axis of symmetry of the parabola given by each equation. Then sketch its graph. 


1. x=y*-3y-4 25 yHe? = 2 3. y=x?+2 
























































1 
7. x= Sy? +2y-3 8. y= 5x) + 2x +6 






10. a= y+ by +5 
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Objective B 
Sketch a graph of the circle given by the equation. 


13. @-2)?+(y+2)? =9 14. (x + 2)? + (y — 3) = 16 15. (x +3)4+(y- 1)? =25 





17. «+2 +(y +2) =4 18. @— 1)? 4+ (y= 2) 
y 





19. Find the equation of the circle with 20. Find the equation of the circle with radius 3 
radius 2 and center (2, —1). Then sketch and center (—1, —2). Then sketch its graph. 
its graph. 





21. Find the equation of the circle with ra- 22. Find the equation of the circle with ra- 
dius V5 and center (—1, 1). Then sketch dius V5 and center (—2, 1). Then sketch 
its graph. its graph. 
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Objective C 


Sketch a graph of the ellipse given by each equation 



























































Objective D 


Sketch a graph of the hyperbola given by each equation. 
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35. 
x2 2 

38. 40. ety ce 

y pico man 

Sales 
ae heel | 
eee 
Reset 

41. 43. 

APPLYING THE CONCEPTS 


44. Find the equation of a circle that has center (4, 0) and passes through 
the origin. 


45. Find the equation of the circle with center at (3, 3) if the circle is 
tangent to the x-axis. ; 


For each of the following, write the equation in standard form. Identify the 
graph, and then graph the equation. 


46. 4x2 + 9y? = 36 47. 16x? + 25y? = 400 48. 9y? — 16x? = 144 
‘ y 
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a 


| Focus on Problem Solving 


Algebraic Problem solving is often easier when we have both algebraic manipulation 


Manipulation and 
Graphing Techniques 


and graphing techniques at our disposal. Solving quadratic equations and 
graphing quadratic equations in two variables are used here to solve problems 
involving profit. 


A company’s revenue, R, is the total amount of money the company earned by 
selling its products. The cost, C, is the total amount of money the company spent 
to manufacture and sell its products. A company’s profit, P, is the difference 
between the revenue and cost: P = R—C.A company’s revenue and cost may be 
represented by equations. 


A company manufactures and sells woodstoves. The total monthly cost, in 
dollars, to produce n woodstoves is C = 30n + 2000. Write a variable expression 
for the company’s monthly profit if the revenue, in dollars, obtained from selling 
all n woodstoves is R = 150n — 0.4n?. 


P=R = C 
P = 150n — 0.4n? — (30n + 2000) ¢ Replace R by 150n — 0.4n? and C 
P = —0.4n2 + 120n — 2000 by 300 + 2000. Then simplify. 


How many woodstoves must the company manufacture and sell in order to 
make a profit of $6000 a month? 


P = —0.4n? + 120n — 2000 


6000 = —0.4n2 + 120n — 2000 e Substitute 6000 for P. 

0 = —0.4n? + 120n — 8000 ¢ Write the equation in 
standard form. 

0 = n? — 300n + 20,000 ¢ Divide each side of the 
equation by —0.4. 

0 = (n — 100)(n — 200) Factor. 

7 — lL00= 0 i 20050 e Solve for n. 
n = 100 n = 200 


The company will make a monthly profit of $6000 if either 100 or 200 wood- 
stoves are manufactured and sold. 


The graph of P = —0.4n? + 120n — 2000 is shown a Tee ee 
at the right. Note that when P = 6000, the values 8000 |-(150, 7000)~ ~~ 
Re A OO 00. Pie et 


Also note that the coordinates of the highest point 
on the graph are (150, 7000). This means that the 
company makes a maximum profit of $7000 per 2000 ff 
month when 150 woodstoves are manufactured 
and sold. 





6000 PN ae 


4000 


1. The total cost, in dollars, for a company to produce and sell n guitars per 
month is C = 240n + 1200. The company’s revenue, in dollars, from selling 
all m guitars is R = 400n — 2n?. 


a. How many guitars must the company produce and sell each month in 
order to make a monthly profit of $1200? 

b. Graph the profit equation. What is the maximum monthly profit the 
company can make? 
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Graphing Conic 
Sections Using a 
Graphing Utility 








| Projects and Group Activities 


x2 
16 
cal line can intersect the graph at more than one point, the graph is not the 
graph of a function. And because the graph is not the graph of a function, the 
equation does not represent a function. Consequently, the equation cannot be 
entered into a graphing utility to be graphed. However, by solving the equation 
for y, we have 


2 . 
Consider the graph of the ellipse => + a = 1 shown at the left. Because a verti- 


fe 
9 16 
2 
x 
DD me 1-— 
s ( 16 
x2 
Sas 
y=t +3 16 


There are two solutions for y, which can be written 


x2 ae 
Vi oN ea and y,=-—3,/1 16 


Each of these equations is the equation of a function and therefore can be 


2 
entered into a graphing utility. The graph of y, = 3,/1- 3 is shown above 


the x-axis at the left, and the graph of y, = —3,/1- x is shown below the 
x-axis. Note that, together, the graphs are the graph of an ellipse. 


A similar technique can be used to graph a hyperbola. To graph 


A 
4 
ca Povey solve for y. Then graph each equati =) coe d 
16 «4 We e1aP quation, y, = 2,/;7-1 an 
2 
-8 8 Te alae | 


Guidelines for using graphing calculators are found in the appendix. 
In working through these examples or the exercises below, consult the 
appendix or the user’s manual for your particular calculator. 


| Solve each equation for y. Then graph using a graphing utility. 





ied SY x2 
1S = a 
25 49 : a A, 1 (64 t 
2 2 2 2 
3 eee 4 wah aes 
16 4 9 36 
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Properties of The graph of a fifth-degree polynomial with 
Polynomials 4 turning points is shown at the right. In this 
project you will graph various polynomials 
and try to make a conjecture as to the rela- 


CALCULATOR NOTE tionship between the degree of a polynomial 
Suggestions for graphing and the number. of turning points in its 





equations can be found in graph. For each of the following, graph the 

iC Le for equation. Record the degree of the equation 
culators. é : 

For ails particular aetvity t and the number of turning points. 

may be necessary to adjust the 





viewing window so that you ; Grap hry =x? +4 

can get a reasonably accurate f Graph: ys x3 + 2x2 — 5x —6 

graph of the equation. 

Try Ymax = 1000, - Graph: y = x4 — x3 — 11x? -—x -— 12 
Ymin = —1000, and 

Yscl = 100. - Graph: y = x4 — 2x3 — 13x? + 14x + 24 


- Graph: y = x° — 2 
- Graph: y = x° — 3x4 — 11x3 + 27x? + 10x — 24 
. Graph: y = x° — 2x4 — 10x3 + 10x? — 11x + 12 


NA wt Bb WwW NY = 


Make a conjecture as to a relationship between the degree of a polynomial and 
the number of turning points in its graph. Graph a few more polynomials of 
your choosing and see whether your conjecture is valid for those graphs. If not, 
refine your conjecture and test it again. 


| Chapter Summary 


Key Words A function that can be written in the form y = mx + b or f(x) =mx+bisa 
linear function. The graph of a linear function is a straight line with slope m 
and y-intercept (0, b). 


A quadratic function is one that can be expressed by the equation 
f(x) = ax? + bx + c,a # 0. The graph of this function is a parabola. 


The inverse of a function is the set of ordered pairs formed by reversing the co- 
ordinates of each ordered pair of the function. 


The graph of a conic section can be represented by the intersection of a plane 
and a cone. The four conic sections are the parabola, ellipse, hyperbola, and 
circle. 


A circle is the set of all points (x, y) in the plane that are a fixed distance from 
a given point (h, k) called the center. The fixed distance is the radius of the 
circle, 


The asymptotes of a hyperbola are the two straight lines that are “approached” 
by the hyperbola. As the graph of the hyperbola gets farther from the origin, 
the hyperbola “gets closer to” the asymptotes. 


a 
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Essential Rules Vertical-Line Test A graph defines a function if any vertical line intersects the 


graph at no more than one point. 


Operations on Functions If f and g are functions and x is an element of the do- 
main of each function, then 


(f + g(x) = f(x) + g@) (f — gx) =f) — g(x) 
(f - g)() = f(x) - ge) (F)oo = oa g(x) #0 


Composition of Two Functions The composition of two functions, fog, is the 
function whose value at x is given by (f° g)(x) = flg(x)]. 


One-to-One Function A function f is a 1-1 function if, for any a and b in the 
domain of f, f(a) = f(b) implies that a = b. 


Horizontal-Line Test The graph of a function represents the graph of a 1-1 
function if any horizontal line intersects the graph at no more than one point. 


Condition for an Inverse Function A function f has an inverse function if and 
only if fis a 1-1 function. 


Property of the Composition of Inverse Functions f—[f(x)] =x and f[f7'(«)] =x 


Equation of a Parabola 
y=axe+ bx +c When a > 0, the parabola opens up. 
When a < 0, the parabola opens down. 


The x-coordinate of the vertex is — = 


The axis of symmetry is the line x = — 2. 
x = ay? + by +c When a > 0, the parabola opens to the right. 


When a < 0, the parabola opens to the left. 


The y-coordinate of the vertex is — = 


The axis of symmetry is the line y = -2. 


Equation of a Circle 
G@—h)?+(y-ky=r The center is (h, k) and the radius is r. 


Equation of an Ellipse 
2 


2 

EG 

as + si = The x-intercepts are (a, 0) and (—a, 0). 
The y-intercepts are (0, b) and (0, —b). 

Equation of a Hyperbola 

2 2 

a i 1 An axis of symmetry is the x-axis. 
The vertices are (a, 0) and (—a, 0). 

2 2 
64 x ; 
a 1 An axis of symmetry is the y-axis. 


The vertices are (0, b) and (0, —b). 


The equations of the asymptotes are y = ay : 
a 
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Chapter Review 





i Graph: ¢@) = ax oe 2. Sketch a graph of f(x) = x2 — 2x + 3. 


y 





3. Find the x-intercepts of y = 2x2 — 3x + 4. 4. Find the maximum value of the function 
f(x) = —x? + 8x — 7. 


5. Graph f(x) = -—V3- <x. State the domain 6. Graph f(x) = | — 2. State the domain and 
and range. range. 





7. Graph f(x) = x? — 3x + 2. State the domain 8. Determine whether the graph is the graph of 
and range. a 1-1 function. 
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9. Given f(x) = x2 + 2x — 3 and g(x) = x? — 1, 10. 


find (f — g)(2). 


11. Given f(x) =4x +2 and g(x) = eae find 2 
flg(3)]. 
13. Find the inverse of the function 14. 


1256) 1G, 5)474), 6, 3)I- 


15. Sketch a graph of x = y* — y — 2. 16. 
y 





19. Find the equation of the circle with radius 4 20. 


and center (—3, —3). 


18. 


Given f(x) = 4x — 5 and g(x) =x? + 3x +4, 
so iulnlinl oem 
find (£\(—2). 


Given f(x) = 2x? — 7 and g@) =x — £& find 
flg@)l. 


Find the inverse of the function 


f(x) = ae — 4, 


Sketch a graph of (x — 2)? + (y + 1)? = 9. 
y 





2 
Sketch a graph of a ie x =1. 





The perimeter of a rectangle is 200 cm. What 
dimensions would give the rectangle a maxi- 
mum area? What is the maximum area? 
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| Chapter Test 


1. Graph: f(x) = 2x -— 4 2. Sketch a graph of f(x) = —2x? + x — 2. 





3. Find the x-intercepts of y = 3x? + 9x. 4. Find the maximum value of 
f(x) = —2x? + 4x + 1. 


5. Graph f(x) = Vx + 4. State the domain and 6. Graph f(x) = |x| — 3. State the domain and 
range. range. 





7. Graph f(x) = 3x3 — 2. State the domain and 8. Is the graph below the graph of a 1-1 
range. function? 
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For problems 9 to 12, use f(x) = x? + 2x — 3 and g(x) = x? — 2. 


9. 


11. 


13. 


15. 


17. 


19. 


20. 








Evaluate: (f + g)(2) 10. Evaluate: (f — g)(—4) 

Evaluate: (f : g)(—4) 12. Evaluate: (4) (3) 

Given {(@) — 2x" +4 — 5 and 9@) = 3% — 1, 14. Find the inverse of f(x) = —6x + 4. 

find g[f(x)]. 

Sketch a eu ne Dy Gy p . 16. Sketch ae of (x + 3)? + (y+ 1)? = 1. 


se IE 
Sketch a graph of Tons 


y 





ae 


Are the functions given by f(x) = i 


5 
ele and g(x) = —4x + 5 inverses of 
each other? 


The perimeter of a rectangle is 28 ft. What dimensions would give the rec- 
tangle a maximum area? 





Cumulative Review 


Graph the solution set of 
{x|x <4} {x|x > 2}. 


Opel Oman) SANs 


Evaluate the function f(x)-= —x? + 3x — 2 at 
x= 3. 


Find the equation of the line that contains 
the point (4, —2) and is perpendicular to the 
line y = —x + 5. 


5 Teac 
Subtract: 4, 





: : Wah \ (ab -\ 
Simplify: (75) (am 


Simplify: V18 — V—25 


Solve: x — V2x —3 =3 


Find the maximum value of the function 
ja et Ay = 2: 


10. 


iz 


14. 


16. 
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Dye: 
Solve: te Ea 











Find the equation of the line that contains 


the point (2, —3) and has slope -5. 


ax — bx 


Sara ai 








: 4 : : 
Write 2Vx3 as an exponential expression. 


Solve: 2x? + 2x -3 =0 


Sie — 7 
x+4 





Solve: 


Find the inverse of the function 
f(x) = 4x + 8. 


640 


17. Graph the solution set of 5x + 2y > 10. 18. 


Zi. 


22. 


ZS: 


24. 


25. 
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20. 





Tickets for a school play sold for $4.00 for each adult and $1.50 for each 
child. The total receipts for the 192 tickets sold were $493. Find the num- 
ber of adult tickets sold. 


A motorcycle travels 180 mi in the same amount of time that it takes a car 
to travel 144 mi. The rate of the motorcycle is 12 mph faster than the rate 
of the car. Find the rate of the motorcycle. 


The rate of a river’s current is 1.5 mph. A rowing crew can row 12 mi down 
this river and 12 mi back in 6 h. Find the rowing rate of the crew in calm 
water. 


The speed (v) of a gear varies inversely as the number of teeth (¢). If a gear 
that has 36 teeth makes 30 revolutions per minute, how many revolutions 
per minute will a gear that has 60 teeth make? 


Find the maximum product of two numbers whose sum is 40. 


nT 


CHAPTER 





A 


Nuclear medicine technologists operate cameras that detect 
and map the presence of a radioactive drug ina patient's . 
body. They prepare a dosage of the radiopharmaceutical and 
administer it to the patient. When preparing 
radiopharmaceuticals, exponential equations are used to 
model the amount of radiation in the radiopharmaceutical. 








Exponential and 
Logarithmic Functions 





Objectives 


Section 12.1 
To evaluate an exponential function 
To graph an exponential function 


Section 12.2 


To write equivalent exponential and 
logarithmic equations 


To use the Properties of Logarithms 
To use the change-of-base formula 


Section 12.3 
To graph a logarithmic function 


Section 12.4 
To solve an exponential equation 
To solve a logarithmic equation 


Section 12.5 
To solve application problems 


1 
2 
3 
4 
5 
6 
d 
8 


5786 
11572 


17358 


711678 








Napier Rods 


The labor involved in calculating the products of large 

numbers has led many people to devise ways to shorten 
the procedure. One such short-cut was first described in _ 
the early 1600s by John Napier and is based on Napier 
Rods. 


Making a Napier Rod consists of placing a number and _ 
the first 9 multiples of that number on a rectangular 
piece of paper (Napier’s Rod). This is done for the first 9 — 
positive integers. It is necessary to have more than one 

rod for each number. The rod for 7 is shown at the left. 








To illustrate how these rods were used to multiply, let's 
look at an example. 


Multiply: 2893 
x 246 





Place the rods for 2, 8, 9, and 3 next to one another. The © 
products for 2, 4, and 6 are found by using the numbers ~ 
along the 2nd, 4th, and 6th rows. 3 


Each number is found by adding the digits diagonally 
downward on the diagonal and carrying to the next 
diagonal when necessary. The products for 2 and 6 are 
shown at the left. 


Note that in the product for 6, the sum of the 3rd_ 
diagonal is 13, so carrying to the next diagonalis _ 
necessary. 


The final product is then found by addition. 


Before the invention of the electronic calculator, 

logarithms were used to ease the drudgery oflengthy  __ 
calculations. John Napier is also credited with the . 
invention of logarithms. 








TAKE NOTE 


Itis important to distinguish 
between F(x) = 2% and 
P(x) = x2. The first is an 
exponential function; the 
second is a polynomial 
function. Exponential 
functions are characterized 
by a constant base and a 
variable exponent. Polynomial 
functions have a variable 
base and a constant 
exponent. 









Objective A 
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Exponential Functions 





To evaluate an exponential FUNCTION .......0........c.ccccccseccseseseseesesesees 


The growth of a $500 savings account that earns 
5% annual interest compounded daily is shown at 
the right. In 14 years, the savings account contains 
approximately $1000, twice the initial amount. 
The growth of this savings account is an example 
of an exponential function. 


Value 
of investment 





The pressure of the atmosphere at a certain height 
is shown in the graph at the right. This is another 
example of an exponential function. From the 
graph, we read that the air pressure is approxi- 
mately 6.5 lb/in? at an altitude of 20,000 ft. 





Atmosphere pressure 
in lb/sq. in 


(10) 200s 20m 40 
Altitude 
in thousands of feet 


Definition of an Exponential Function 


The exponential function with base bis defined by 


f(x) = b* 
where b > 0, b # 1, and xis any real number. 





In the definition of an exponential function, b, the base, is required to be posi- 
tive. If the base were a negative number, the value of the function would be a 
complex number for some values of x. For instance, the value of f(x) = (—4)* 


a 
2 
a function, the base of the exponential function is a positive number. 


when x = ; is f| ) = (-—4)!? = V—4 = 2i. To avoid complex number values of 


> Evaluate f(x) = 2% atx = 3 andx = —2. 


1G) = 21.8 © Substitute 3 for x and simplify. 


aed 
a2) = 20urigg 4 


® Substitute —2 for x and simplify. 

To evaluate an exponential expression for an irrational number such as V2, 
we obtain an approximation to the value of the function by approximating the 
irrational number. For instance, the value of f(x) = 4* when x = \/2 can be ap- 
proximated by using an approximation of V2. 


f\V/2) = 4¥? = 414122 = 7.1029 
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TAKE NOTE 


The natural exponential 
function is an extremely 
important function. It is used 
extensively in applied problems 
in virtually all disciplines from 
archaeology to zoology. 
Leonhard Euler (1707-1783) 
was the first to use the letter e 
as the base of the natural 
exponential function. 


Example 1 You Try It 1 
Evaluate f(x) = (3) at x = 2 and Evaluate f(x) = (2) atx = 3 andx = —2. 
a8: 
Solution Your solution 
f(x) = (3) 
f(2) =(5) =; 


f(-3) = (5|"=2?=8 


Example 2 You Try It 2 
Evaluate f(x) = 2°" at x = 1 andx = —1. Evaluate f(x) = 2+! atx = 0 and x = —2. 
Solution Your solution 

flee) = 25 

1 1 

= 1) 2o3Gnetee see i 
Example 3 You Try It 3 
Evaluate (x) =e" atx = 1 andx = —1, Evaluate f(x) = e*~"! atx = 2 andx = -2. 
Round to the nearest ten-thousandth. Round to the nearest ten-thousandth. 
Solution Your solution 

iG) =er 


f(1) = e21 = e2 = 7.389] 
f(-1) = 2@C) =e2 = 0.1353 


Because f(x) = b* (b > 0, b # 1) can be evaluated at both rational and irratio- 
nal numbers, the domain of f is all real numbers. And because b* > 0 for all 
values of x, the range of f is the positive real numbers. 


A frequently used base in applications of exponential functions is an irratio- 
nal number designated by e. The number e is approximately 2.71828183. It 
is an irrational number, so it has a nonterminating, nonrepeating decimal 
representation. 


Natural Exponential Function 


The function defined by f(x) = e*is called the natural exponential 


function. 





The e* key on a calculator can be used to evaluate the natural exponential 
function. 


Solutions on p. S34 
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a 


Objective B To graph an exponential FUNCTION ....0....60ccccccccccesecccesccseesscsseeseceeeee {45} | 


Some properties of an exponential function can be seen in its graph. 
=> Graph f(x) = 2°. 
Think of this as the equation 
Pra”, 
Choose values of x and find the 


corresponding values of y. 


Graph the ordered pairs on a 
rectangular coordinate system. 


Connect the points with a 
smooth curve. 





Note that a vertical line would intersect the graph at only one point. Therefore, 
by the vertical-line test, the graph of f(x) = 2* is the graph of a function. Also 
note that a horizontal line would intersect the graph at only one point. There- 
fore, the graph of f(x) = 2% is the graph of a one-to-one function. 


=> Graph f(x) = (5) 
Think of this as the equation 
y=( 

Choose values of x and find the 
corresponding values of y. 


x 


Graph the ordered pairs on a 
rectangular coordinate system. 


Connect the points with a 
smooth curve. 





Applying the vertical-line and horizontal-line tests reveals that the graph of 


f(x) = (3) is also the graph of a one-to-one function. 


=> Graph f(x) = 2. 


Think of this as the equation 
Vea. 

Choose values of x and find the 
corresponding values of y. 


Graph the ordered pairs on a 
rectangular coordinate system. 


Connect the points with a 
smooth curve. 





Ble NIE RB bw BOOl< 





x ] x 
Note that because 2~* = (27!}* = (3) , the graphs of f(x) = 2% and f(x) = (3) 
are the same. . 


- 


a 
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Example 4 
Graph: f(x) = 37°"! 


Solution 


Example 5 
Graph: f(x) = 2% — 1 


Solution 


Graph: f(x) = : 


Example 6 e 
() -2 


Solution 


Example 7 
Graph: f(x) = 2>* — 1 


Solution 


You Try It 4 ’ 
Graph: f(x) = 2°% 


Your solution 


You Try It 5 
Graph: f(x) = 2* + 1 


Your solution 


You Try It 6 
Graph: f(x) = 2>* + 2 


Your solution 


You Try It 7 ne 
Graph: f(x) = (3) ae 


Your solution 


Solutions on p. S34 
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11. 


13. 


Objective A 
Given f(x) = 3*, evaluate: é 
a. f(2) b. (0) Cis (2) 
Given g(x) = 2**!, evaluate: 
a. g(3) b.  g(1) c. g(—3) 
Given P(x) = (3°, evaluate: 
a. P(0) b. (3) c. P(—2) 


Given G(x) = e*?, evaluate the following. 


Round to the nearest ten-thousandth. 


a. G(4) beGeoY -c: a(5) 


Given H(r) = e-**3, evaluate the following. 


Round to the nearest ten-thousandth. 
a. A(-1) Ds, ali) ec. A(5) 


Given F(x) = 2", evaluate: 


ee Fa) bi kG2) 


c. F(3) 


Given f(x) = e-*’”, evaluate the following. 
Round to the nearest ten-thousandth. 


a. f(—2) b. f(2) ce. f(—3) 


10. 


12. 


14. 


Given H(x) = 2*, evaluate: 


a. H(-3) b. HA(0) ec. HA) 
Given F(x) = 3*~2, evaluate: 

a. F(-4) b. F(-1) c. F(0) 
Given R(t) = (3)", evaluate: 

a. R(-3] Bee eee 


Given f(x) =e”, evaluate the following. 
Round to the nearest ten-thousandth. 


afla2s |b. flies e rem) 


Given P(t) =e, evaluate the following. 
Round to the nearest ten-thousandth. 


a. P(-3) b. P(4) c. P(3) 


Given O(x) = 2~*’, evaluate: 


a. Q(3) b. O(1) cy OZ) 


Given f(x) = e- + 1, evaluate the following. 
Round to the nearest ten-thousandth. 


a. f(—1) b. f(3) c. f(—2) 
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Objective B 
Graph. 


15. f(x) = 3* 16. f(x) =37 17 Cee 


21. fix) =2* 41 


28. F(x) = (V5) 


18. f(x) = 2°7! 


22. f(x) =2*-3 


0G) S08) = 
y 





Section 12.1 / 


oF a 


30. A(x) = (V2)> 31 sinh(x) =< 








33. 
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ter 
2 





32. cosh(x) = 


by 





34. M(x) =xe*? 35. f@)i= 2% =x? 


y 





36. h(x) = 3* - x3 Siem). =a 38. g(x) =7* 





39. According to population studies, the population of China can be 
approximated by the equation P(t) = 1.17(1.012)', where t = 0 corre- 
sponds to 1993 and P(t) is the population, in billions, of China in ¢ years. 
a. Graph this equation. Suggestion: Use Xmin = 0, Xmax = 19, 

Ymin = —0.5, Ymax = 1.75, and Yscl = 0.25. 








-0.5 ! 


b. The point whose approximate coordinates are (5, 1.242) is on this 
Y graph. Write a sentence that explains the meaning of these coor- 
dinates. 


y 
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The growth of the population of India can be approximated by the 

equation P(t) = 0.883(1.017)', where ¢ = 0 corresponds to 1993 and 

P(t) is the population, in billions, of India in ¢ years. 

a. Graph this equation. Suggestion: Use Xmin = 0, Xmax = 20, 

Yimin. = —0:5, Ymax = 1:75,and Ysel= 0:25: 

Y b. The point whose approximate coordinates are (8, 1.01) is on this 
graph. Write a sentence that explains the meaning of these coor- 

dinates. 








41. If air resistance is ignored, the speed v, in feet per second, of an object 
t seconds after it has been dropped is given by v = 32t. However, if air 
resistance is considered, then the speed depends on the mass (and on 
other things). For a certain mass, the speed t seconds after it has been 
dropped is given by v = 32(1 — e). 
a. Graph this equation. Suggestion: Use Xmin=0, Xmax = 5.5, 
Yinin — 0; Ymax =.40, and Yscl —5. 

b. The point whose approximate coordinates are (2, 27.7) is on this 

Y graph. Write a sentence that explains the meaning of these coor- 
dinates. 





42. If air resistance is ignored, the speed v, in feet per second, of an object 

t seconds after it has been dropped is given by v = 32t. However, if air 

resistance is considered, then the speed depends on the mass (and on 

other things). For a certain mass, the speed t seconds after it has been 

dropped is given by v = 64(1 — e~*”). 

a. Graph this equation. Suggestion: Use Xmin=0, Xmax = 11, 

Ymin = 0, Ymax = 80, and Yscl = 10. 

Y b. The point whose approximate coordinates are (4, 55.3) is on this 
graph. Write a sentence that explains the meaning of these coor- 
dinates. 





43. If f(x) = b*, determine whether the following statements are always 
true, sometimes true, or never true. 
a. Ifb > 0 and b # 1, then f(x) = b* is a one-to-one function. 
b. Ifb > 0 and b # 1, then f(x) = b* is greater than zero. 


1 n 
44. Evaluate t oa *) for n = 100, 1000, 10,000, and 100,000 and compare 


the results with the value of e, the base of the natural exponential func- 
tion. On the basis of your evaluation, complete the following sentence: 


11 
As n increases, t + 7 becomes closer to 
n 


45. Evaluate (1 + x)!” for x = 0.1, 0.01, 0.001, 0.00001, and 0.0000001 and 
compare the results with the value of e, the base of the natural exponen- 
tial function. On the basis of your evaluation, complete the following 
sentence: As x gets closer to 0, (1 + x)!” becomes closer to 
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Introduction to Logarithms 





Objective A To write equivalent exponential and logarithmic equations....... 





Because the exponential function is a 1-1 function, it has an inverse function, 
which is called a logarithm. A logarithm is used to answer a question similar 
to the following one: “If 16 = 2”, what is the value of y?” Because 16 = 2, the 
logarithm, base 2, of 16 is 4. This is written as log,16 = 4. Note that a logarithm 
is an exponent that solves a certain equation. 


Definition of Logarithm 


For b> 0, b # 1, y= log,x is equivalent to x = by. 





Read log,x as “the logarithm of x, base b” or “log base b of x.” 


Exponential Form Logarithmic Form 
The table at the right shows 2* = 16 log,16 = 4 
equivalent statements written in (2) _4 16 (;) =e 
both exponential and logarithmic 3 9 £2/3\9 
form. 10 '=0.1 log,,.(0.1) = —-1 


=> Write log,81 = 4 in exponential form. 
log,81 = 4 is equivalent to 3* = 81. 
=> Write 10~* = 0.01 in logarithmic form. 
10° = 0.01 is equivalent to log,,(0.01) = —2. 


The 1-1 property of exponential functions can be used to evaluate some 
logarithms. 


1-1 Property of Exponential Functions 


Forb>0,b+# 1, if bY = bY, thenu= v. 





=> Evaluate log,8. 


log,8 =x e Write an equation. 
8 = 2* ® Write the equation in its equivalent exponential form. 
23 = 2% ° Write 8 as 2°. 
3=x e Use the 1-1 Property of Exponential Functions. 
log,8 = 3 
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=> Solve log,x = —2 for x. 


log,x = —2 
4-7 =% e Write the equation in its equivalent exponential form. 
1 
= © Simplify. 
16 x pity. 


: Sue 
The solution is fa 


In this example, o is called the antilogarithm, base 4, of —2. 


Definition of Antilogarithm 


If log,M = N, the antilogarithm, base b, of Nis M. In exponential 


form, M = bN. 





The antilogarithm if a number can be determined by rewriting log,M = N in 
exponential form, Db” = M. Thus M, the antilogarithm of N, is b’. For instance, 
if log.x = 3, then x (the antilogarithm, base 5, of 3) is 53 = x = 125. 


Logarithms, base 10, are called common logarithms. We usually omit the 
base, 10, when writing the common logarithm of a number. Therefore, log, x 
is written log x. To find the common logarithm of most numbers, a calculator 
is necessary. Because the logarithms of most numbers are irrational numbers, 
the value in the display of a calculator is an approximation of the number. Using 
a calculator reveals that 


eo. Mantissa 


a’ 
log 384 = 2.5843312 
ech ad a Characteristic 


The decimal part of a common logarithm is called the mantissa; the integer 
part is called the characteristic. 


When e (the base of the natural exponential function) is used as a base of a 
logarithm, the logarithm is referred to as the natural logarithm and is abbre- 
viated In x. This is read “el en x.” Using a calculator, we learn that 


In 23 = 3.135494216 


The integer and decimal parts of a natural logarithm do not have special names. 


1 
Example 1 Evaluate: log,(5) You Try It 1 Evaluate: log,64 


: 1 
Solution log,(5) =x Your solution 


1 _ 2 
ja 


37-7 = 3% 
ee 


log,(5) = —2 


Solution on p. S34 | 
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Example 2 Solve for x: log.x = 2 You Try It2 Solve for x: log,x = —4 


Solution log.x = 2 Your solution 
52 =x 
25=x 


The solution is 25. 


Example3 Solve log x = —1.5 for x. You Try It3 Solve In x = 3 forx. 
Round to the nearest Round to the nearest 
ten-thousandth. ten-thousandth. 


Solution : Your solution 


® Use a calculator. 





Solutions on pp. S34-S35 } 


Objective B_ Touse the Properties of LogarithMS........cccccccccecsecseccescessesssessesseees ( {46} ) 


Because a logarithm is a special kind of exponent, the Properties of Logarithms 
are similar to the Properties of Exponents. 


The property of logarithms that states that the logarithm of the product of two 
numbers equals the sum of the logarithms of the two numbers is similar to the 
property of exponents that states that to multiply two exponential expressions 
with the same base, we add the exponents. 


TAKE NOTE ; 
2 The Logarithm Property of the Product of Two Numbers 
Pay close attention to this we 
. Note, for instance, For any positive real numbers x, y, and b, b # 1, 
that this theorem states that log,(xy) = log,x + log,y. 


log,(4 - p) = log,4 + log,p. 
It also states that 
log.9 + log,z = log,(9z). 


It does not state any : 2 
relationship that involves A proof of this property can be found in the Appendix. 
log,(x + y). This expression 

cannot be simplified. 





=> Write log,(6z) in expanded form. 

log, (6z) = log,6 + log,z © Use the Logarithm Property of Products. 
=> Write log,12 + log,r as a single logarithm. 

log,12 + log,r = log, (12r) ¢ Use the Logarithm Property of Products. 


The Logarithm Property of Products can be extended to include the logarithm 
of the product of more than two factors. For instance, 


log, (xyz) = log, x + log, y + log,z 


log, (7rt) = log,7 + log,r + log,t 
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TAKE NOTE 


This theorem is used to 
rewrite expressions such as 


log, . = log.m — log,8. 


It does not state any 
relationship that involves 
log,x 


log,y 
cannot be simplified. 





. This expression 


POINT OF INTEREST 


Logarithms were developed 
independently by Jobst Burgi 
(1552-1632) and John Napier 
(1550-1617) as a means of 
simplifying the calculations of 
astronomers. The idea was to 
devise a method by which two 
numbers could be multiplied by 
performing additions. Napier is 
usually given credit for 
logarithms because he 
published his result first. 


In Napier’s original work, the 
logarithm of 10,000,000 was 0. 
After this work was published, 
Napier, in discussions with 
Henry Briggs (1561-1631), 
decided that tables of 
logarithms would be easier to 
use if the logarithm of 1 was 0. 
Napier died before new tables 
could be determined, and 
Briggs took on the task. His 
table consisted of logarithms 
accurate to 30 decimal places, 
all accomplished without a 
calculator! 


The logarithms Briggs 
calculated are the common 
logarithms mentioned earlier. 


A second property of logarithms involves the logarithm of the quotient of two 
numbers. This property of logarithms is also based on the fact that a loga- 
rithm is an exponent and that to divide two exponential expressions with the 
same base, we subtract the exponents. 


The Logarithm Property of the Quotient of Two Numbers 


For any positive real numbers x, y, and b, b # 1, 


x 
log, = log,x — log,y. 





A proof of this property can be found in the Appendix. 


=> Write logy in expanded form. 


logy = log,p — log,8 ¢ Use the Logarithm Property of Quotients. 
=p Write log, y — log,v as a single logarithm. 
log,y — log,v = log, e Use the Logarithm Property of Quotients. 
Vv 


A third property of logarithms is used to simplify powers of a number. 


The Logarithm Property of the Power of a Number 


For any positive real numbers x and 6, b # 1, and for any real 


number r, log,x’ = rlog,x. 





A proof of this property can be found in the Appendix. 
= Rewrite log, x? in terms of log, x. 


log, x? = 3 log, x ¢ Use the Logarithm Property of Powers. 


=p Rewrite : log, x with a coefficient of 1. 


5 . 
3 log v= los x-? @ Use the Logarithm Property of Powers. 


The following table summarizes the properties of logarithms that we have dis- 
cussed, along with two other properties. 


Summary of the Properties of Logarithms 
Let x, y, and b be positive real numbers with b # 1. Then 
Product Property log,(x- y) = log,x + log,y 


Quotient Property 


XK 
log, y = log,x — log,y 


Power Property 
Logarithm of One 
1-1 Property 


log,x’ = r log,x 
log,! =0 
If log,x = log, y, then x = y. 
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oie 


™> Write log, in expanded form. 


x 
log, - log, (xy) = log,z * Use the Logarithm Property of Quotients. 


= log,« + log.y —log,z * Use the Logarithm Property of Products. 


2 
=> Write log, 5 in expanded form. 


2 
x 
logs 3 = log,x? oo log, y? * Use the Logarithm Property of Quotients. 


= 2log,x — 3 log,» ¢ Use the Logarithm Property of Powers. 


= Write 2 log,x + 4 log, y as a single logarithm with a coefficient of 1. 
2 log,x + 4 log, y = log,x? + log, y4 ® Use the Logarithm Property of Powers. 


= log, x7? * Use the Logarithm Property of Products. 


Example 4 You Try It 4 
Write log Vx+y in expanded form. Write log, Vv xy? in expanded form. 


Solution Your solution 
logV23y = log(xy)!? = > log(x%y) 


(log x? + log y) 


(3 log x + log y) 


Nl WB NIP NIA 


log x + + log y 


Example 5 You Try It 5 

Write 5 (log,x — 3 log,y + log,z) asa Write 5 (log,x — 2 log,y + log,z) as a single 
single logarithm with a coefficient of 1. logarithm with a coefficient of 1. 

Solution Your solution 


5 (log,x — 3 log,y + log,z) 


(log,x — log,y? + log,z) 


(log,4 + log,<] 


1/2 a 
(log,%) = log,(%) = log, fe 


Nl Nile Nie 


Example 6 You Try It 6 
Find log,1. Find log,1. 


Solution Your solution 
log = 0 * Logarithm of One 


Solutions on p. S35 : 
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Objective C_ To use the change-of-base formul..........1:cccseceeseiscieisrersieen ( {46h } 


Although only common logarithms and natural logarithms are programmed 
into a calculator, the logarithms for other positive bases can be found. 


=> Evaluate log.22. 





logi22 = x ® Write an equation. 

pee * Write the equation in its equivalent exponential form. 

log 5* = log 22 ® Take the common logarithm of each side of the equation. 
x log 5 = log 22 ¢ Use the Power Property of Logarithms. 
log 22 
x= 5 © Divide each side by log 5. This is the exact answer. 
og 
x ~ 1.9206 ® This is an approximate answer. 


log..22.= 1.2206 


In the third step above, the natural logarithm, instead of the common loga- 
rithm, could have been applied to each side of the equation. The same result 
would have been obtained. 


Using a procedure similar to the one for log.22, a formula for changing bases 
can be derived. 


Change-of-Base Formula 


_ log,N 


log,N = 
a log,a 


a 





= Evaluate log,14. 
log 14 
log 2 

= 3.8074 





log,14 = ® Use the Change-of-Base Formula with N = 14, a = 2, b= 10. 


For the last example, common logarithms were used. Here is the same ex- 
ample using natural logarithms. Note that the answers are the same. 

In 14 

In 2 





log,14 = = 3.8074 


Example 7 You Try It 7 
Evaluate log,90.813 by using common Evaluate log,6.45 by using common 
logarithms. logarithms. 


Solution Your solution 
= 10g, 90.813 
log,90.813 = ieee | 5 6.5048 


Example 8 You Try It 8 
Evaluate log,0.137 by using natural Evaluate log,0.834 by using natural 
logarithms. logarithms. 


Solution Your solution 


a ln 013 7s ke 
log,0.137 = aed OD ae 





Solutions on p. S35 : 
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Objective A 


Write the exponential equation in logarithmic form. 


15 = 25 2. 10° = 1000 8457 = z 

5. 10% =x 6. ev=x 7. a=w 
Write the logarithmic equation in exponential form. 

9. log,9 =2 10. log,32=5 11. log 0.01 = —2 
3. Inxs =y 14. logx =y 15. logu =v 
Evaluate. 

17. log,81 18. log,49 19. log,128 

21. log 100 22. log 0.001 23.) ine 

25. log,! 26. log,243 27. log.625 
Solve for x. 

29. log,x = 2 30. log.x = 1 31. log,x =3 
Beoplog x= —1 34. log,x = —2 35. log.x =0 
Solve for x. Round to the nearest hundredth. 

37. logx =2.5 38. logx = 3.2 39. logx = —1.75 


1 
41. Inx=2 42. Inx=1.4 43. Inx = —> 


12; 


16. 


20. 


24. 


28. 


32. 


36. 


40. 


44. 


log,125 


In e? 


log,64 


log,x = 6 


log,x =0 


log x = —2.1 


Ing =1:F 
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Objective B 


Express as a single logarithm with a coefficient of 1. 


45. 


48. 


os 


54. 


57. 


Do: 


61. 


63. 


65. 


67. 


69. 


7s 





log,x? + log, 
Inz? = In y 
3Inx+4Iny 


3(log.r + log.t) 


2 log,x — log,y + 2 log,z 
Ine In y=: Iz) 
2(log,s — 2 log,t + log,r) 
Inz —2(In y+ Inz) 


3 log,t — 2(log,r — log,v) 


1 

53 log,x — 2 log,y + log,z) 
1 

5 (In ~—73 iy) 


dl 2 1 
5 108s* — 3 logy a 5 log,z 


46. log,x + log,z” 47. Inx*—Iny? 

49. 3 log,x 50. 4 log,y 

52. 2Inx—-5Iny 53. 2(log,x + log,y) 

55: + (log,ax — log,y) 56. + (loggx — loggy) 
58. 4 log.r — 3 log.s + log.t 


60. 


62. 


64. 


66. 


68. 


70. 


10% 


2 log,x — 3(log,y + log,z) 
3(log,x +2 log,y — 2 log,z) 
Int — 3dnu + Inv) 


2 log,)x — 30g, y — log,,z) 


1 
3 (4 log.t — 5 log.u — 7 log.v) 


1 2 
3ina+ zInb 


Z 1 1 
3 log3x alg 3 lossy = 5 log32 
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aa 


Write the logarithm in expanded form. 


73. log,(xz) 74. log.(rt) Ta. 108, x2 
a 4 
76. log,y’ tds to) 78. toe (2) 
ae 
79. log,(x*y°) 80. log, (t4u?) 81. log, (<7) 
a 
82. loe(5] 83. log,(rs)? 84. log,(x’y)? 
xy? 
SS on V2) 86. In(xy2z3) 87. log. = 
Pe oa 
88. loss =] 89. toes“) 
90. los, $5) 91. log, Vx%y 
pia 
a nite 
92. log,Vaery? 93. log, a 94. log, i 


y ib ee 
95. n(x 4/2) 96. inf} OT anlog, fe 








Vuv Vixy 
98. oer 99, lo, : 100. log, 





660 = Chapter 12 / Exponential and Logarithmic Functions 





Objective C 


Evaluate. Round to the nearest ten-thousandth. 


101. log,,7 102. log,,.9 103. loeu(z) 104. los. 5] 
105. In4 106. Iné 107. in 2) pOe. in) 
109. log,6 110. log,8 111. log,30 112. log,28 
113. log,(0.5) 114. log.(0.6) 115. log,(1.7) 116. log,(3.2) 
L172, l0g.15 118. log,25 119. log,,120 120. log,90 
121. log,2.55 122. log,6.42 123. log.67 124. log,35 


APPLYING THE CONCEPTS 
125. For each of the following, answer True or False. Assume all vari- 
ables represent positive numbers. 


a. log,(—9) = —2 b. x” =zand logz =y are 
equivalent equations. 








ce. log(x"!) = Te d. log + y) = logx + logy 

e. log(x-y) =logx - logy f. loe(*] = logx — logy 
logxe@ x - 

g. ieee h. Iflogx = logy, then x = y. 


126. Complete each statement using the equation log b = c. 


a. a= b. antilog (log,b) = 








fA caiaaeaeal 





BLEED 
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Objective A To graph a logarithmic FUNCTION ......6.606060c06c0c0c0c0ceceeceeeeeeeeecc.05......, Tae) | 


POINT OF INTEREST 


Although logarithms were 
Originally developed to assist 
with computations, 
logarithmic functions have a 
much broader use today. 
These functions occur in 
geology, acoustics, chemistry, 
and economics, for example. 


TAKE NOTE 


See the Projects and Group 
Activities at the end of this 
chapter for suggestions for 
graphing logarithmic functions 
using a graphing calculator. 


The graph of a logarithmic function can be drawn by using the relationship 
between the exponential and logarithmic functions. 


=> Graph: f(x) = log,x 


f(x) = log,x 
Think of this as the equation y = log,x 
vi= log, x. 
Write the equivalent exponen- oo 


tial equation. 


Because the equation is solved 
for x in terms of y, it is easier to 





1 
choose values of y and find the A 2 
corresponding values of x. The 1 
results can be recorded in a aa |e 
table. 1 0 
Graph the ordered pairs on a : ; 


rectangular coordinate system. 


Connect the points with a 
smooth curve. 


Applying the vertical-line and horizontal-line tests reveals that /(x) = log,x is 
a 1-1 function. 


«> Graph: f(x) = log,(x) + 1 
Think of f(x) = log,(x) + 1 as the equation y = log,(x) + 1. 


y= loe(x) +1 
y — 1 = log,(x) © Solve for log,(x). 


DP 1=% ® Write the equivalent exponential equation. 


Choose values of y and find the Avie. 
corresponding values of x. 





1 

hod 
Graph the ordered pairs on a 2 
rectangular coordinate system. ; 0 
Connect the points with a 1 1 
smooth curve. 2 D 

4 3 
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Example 1 
Graph: f(x) = log,x 


Solution 

f(x), = log,x 
y = log,x 
3% =x e Write the equivalent 
exponential equation. 


We wile Ol 


Example 2 
Graph: f(x) = 2 log,x 


Solution 
f(x) = 2 log,x 
y = 2 log,x 


* Write the equivalent 
exponential equation. 


1 
9 
1 
3 
1 
3 


Example 3 
Graph: f(x) = —log,(« — 2) 


Solution 
f(x) = ploz oo 2) 
ae —log,(« < 2) 
—y = log,(« — 2) 
22 6 2 e Write the equivalent 
exponential equation. 


J | BILONIN WARDS 


You Try It 1 
Graph: f(x) = log,(« — 1) 


Your solution 


You Try It 2 
Graph: f(x) = log,(2x) 


Your solution 


You Try It 3 
Graph: f(x) = —log,@ + 1) 


Your solution 


Solutions on p. S35 
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Objective A 


Graph. 


1. f(x) = log,x 2. f(x) =log,(« + 1) 3. {(x) = logi(2x = 1) 


y 





4. f(x)= lows 52] 5. if) =|3 log.x 





7. f(x) = —log,x 
y 





10. f(x) =log,(2 — x) 11. f(x) = —log,(x — 1) 
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APPLYING THE CONCEPTS 


~/ 


~7| Use a graphing calculator to graph the following. 





13. f(x) =log,x — 3 14. f(x) =log,x + 2 15. f(x) = —log, v2 





16. f(x) = —Flog,x —1 17-—f@)—«— Tog, =2) 182f@) = 1e23(2—) 


¥ 





19. f(x) =5 — 2log,(x + 1) 20. f(x) = = — 3 log,(x + 3) 21. f(x) =x? — 10 In(x - 1) 





22. The Power Property of Logarithms tells us that In x* = 2 In x. Graph 
Y f(x) = In x? and g(x) = 2 Inx. Are the graphs the same? Explain. 


23. Astronomers use the distance modulus of a star as a method of deter- 
mining the star’s distance from Earth. The formula is M = 5 logs — 5, 
where M is the distance modulus and s is the star’s distance from the 
Earth in parsecs. (One parsec ~ 1.9 X 10! miles.) 

a. Graph the equation. 
b. The point with coordinates (25.1, 2) is on the graph. Write a sen- 

Y tence that describes the meaning of this ordered pair. 


24. Without practice, the proficiency of a typist decreases. The equation 
S = 60 — 7 In(t + 1), where S is the typing speed in words per minute 
and ¢ is the number of months without typing, approximates this 
decrease. 

a. Graph the equation. 

Y b. The point with coordinates (4, 49) is on the graph. Write a sentence ieee oni 

that describes the meaning of this ordered pair. Months 















We Bie een 


Obje 


uy 





PARGETEDR aa 

Ay 
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Solving Exponential and 
Logarithmic Equations 








unineme 


ctive A To solve an exponential equation 


An exponential equation is one in which the variable occurs 


in the exponent. The examples at the right are exponential 
equations. 


62x41 — 63*-2 
4 = 3 


Q«tl — 


An exponential equation in which each side of the equation can be expressed 
in terms of the same base can be solved by using the 1-1 Property of Exponen- 


tial Functions. Recall the 1-1 Property of Exponential Functions: 
If b* = b’, then x = y. 


= Solve: 10°*+5 = 10*-3 


103%+5 — 10*-3 


34 TOI= Bes e Use the 1-1 Property of Exponential Functions to equate the 
exponents. 
2x +5 = —3 ® Solve the resulting equation. 
2x = —-8 
x=-4 


Check: — 10°**5 = 10*-3 
103(-4)+5 Oma 
10712+5 1077 
10ns— 105 


The solution is —4. 


=> Solve: 9**! = 27*7!1 


gxtl — 27*-1 
(32)**1 = (33)7-1 e 327=9:33 = 27 
Bt? = 3858 
Cee 2 Ok 8 ¢ Use the 1-1 Property of Exponential Functions to equate the 
exponents. 
= he 3 © Solve for x. 
5=x 


Check: Oe i= 277} 
gst1 272-1 
OO O274 
531,441 = 531,441 


_ 


~~ The solution is 5. 
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TAKE NOTE m™> Solve: 4* = 7 
Meg Ts 4° =7 

When evaluating fog 4’ first log Ae log 7 

find the logarithm of each 

number. = 

Then divide the logarithms. x log 4 = log7 

log7 0.845098 

= ~ 1.4037 

log4 0.602060 log 7 

; x =—2* = 1.4037 

log 4 
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When each side of an exponential equation cannot easily be expressed in terms 


of the same base, logarithms are used to solve the exponential equation. 








The solution is 1.4037. 


= Solve: 3*+! =5 


3xt1 == 5 
log 3**! = log 5 


(x + 1)log 3 = log 5 








x+1= 052 
log 3 
_ log 5 
or log 3 , 
x ~ 0.4650 
The solution is 0.4650. 


Example 1 
Solve for x: 3% = 4 


Solution 
Bed 
log 3% = log 4 
2x log 3 = log 4 
_ log4 
aos log 3 
_ log4 
[2 log 3 
x = 0.6309 


The solution is 0.6309. 


Example 2 
Solve for n: (1.1)” = 2 


Solution 
Cae 2 
log (1.1)” = log 2 
n log 1.1 = log 2 
eos 
~ log 1.1 
DTS 


The solution is 7.2725. 


¢ Take the common logarithm of each side of the 
equation. 

Rewrite the equation using the Properties of 
Logarithms. 


e Solve for x. 


log7 
Note that —— # log 7 — log 4. 
ote a Gd g g 


® Take the common logarithm of each side of the 
equation. 

e Rewrite the equation using the Properties of 
Logarithms. 


® Solve for x. 


You Try It 1 
Solve for x: 43% = 25 


Your solution 


You Try It 2 
Solve for 7: (1.06)” = 1.5 


Your solution 


Solutions on p. S35 
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Objective B_ To solve a logarithmic POGUE catenin (146) ) 
A logarithmic equation can be solved by using the Properties of Logarithms. 
™ Solve: log,x + log,(x — 8) = 1 


logex log. — 8) =1 


log,[x(@ — 8)] = 1 * Use the Logarithm Property of Products 
to rewrite the left side of the equation. 
91 = x(x — 8) ¢ Write the equation in exponential form. 
9 = x* — & © Simplify. 
0=x* - 8x -—9 ® Solve for x. 
0=@— 9)\(x + 1) ¢ Factor and use the Principle of Zero 
Products. 


= 0 xe 1 = 0 

x=9 x=-1 
Replacing x by 9 in the original equation reveals that 9 checks as a solution. 
Replacing x by ~—1 in the original equation results in the expression 


log,(—1). Because the logarithm of a negative number is not a real number, 
—1 does not check as a solution. 


The solution of the equation is 9. 


=» Solve: log,6 — log,(2x + 3) = log,(x + 1) 


log,6 — log,(2x + 3) = log, + 1) 





los .=ance log, + 1) ¢ Use the Quotient Property of Logarithms 
2x +3 to rewrite the left side of the equation. 
=x+1 © Use the 1-1 Property of Logarithms. 
Oke S Pa : 
6 = (2x + 3)(¢ +1) © Multiply each side by 2x + 3. 
6 = 2x7 + 5x43 ¢ Multiply the binomials. 
O = 2x? + 5x -— 3 © Write the equation in standard form. 


0 = (2x — 1)(x + 3) ® Solve forx. 
27 —1=.0 x+3=0 


x= a 


NR] R 


‘ oy 1 
Replacing x by in the original equation reveals that 5 checks as a solu- 


tion. Replacing x by —3 in the original equation results in the expression 
log,(—2). Because the logarithm of a negative number is not a real number, 
—3 does not check as a solution. 


; ; ~ 
The solution of the equation is = 


668 


Chapter 12 / Exponential and Logarithmic Functions 


Example 3 You Try It 3 
Solve for x: Jog,(2% — 1)i= 2 Solve for x: log,(x* — 3x) = 1 


Solution Your solution 
logiQae—- b)e="2 


32 = 2x — 1. © Write in exponential form. 
=x — 1 
10 = 2x 
5=x 


The solution is 5. 


Example 4 You Try It 4 
Solve for z: log.x — log,(x — 1) = log,2 Solve for x: log,x + log,(x + 3) = log,4 


Solution Your solution 
logs. log, (x — 1) = log,2 


log,(—*-} =log,2 © Use the Quotient 
Property of Logarithms. 
e2 ¢ Use the 1-1 Property 
31 ; 
4 of Logarithms. 
X = (4) = (x = 1)2 
Re Dk 
Ae 
x=2 


The solution is 2. 


Example 5 You Try It 5 
Solve for x: Solve for x: log,x + log,(x + 6) = 3 
log, (3x48) = log,(2x +°2)'+ log,(« — 2) 


Solution 

log,(3x + 8) = log,(2x + 2) + log,(« — 2) 

log, (3x + 8) = log,[(2x + 2)(@ — 2)] 

log;(3% 4+°8)"= log,(2x7 — 2x — 4) 

3k 8 = 20 4h e Use the 1-1 Property 
of Logarithms. 


Your solution 


O = 2x? — 5x — 12 
0 = (2x + 3) — 4) 
x-4=0 


eee = 
an 5 x=4 


3 : 
5 does not check as a solution; 4 


checks as a solution. The solution is 4. 


Solutions on p. S36 
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Objective A 


Solve for x. Round to the nearest ten-thousandth. 





1. 54x-1 — 5x-2 2D. 74x—-3 = 72xt1 4: gx-4 <= goxt8 
4. 10*-5 = 10*+4 5. OF = 3x1 6 ozs ae 
Tee Site 6* 8:1 9% = 817-4 Oe 6-5 
103 277== 814 11°253 S12524=1 12. 8#"’=64> 
13> 5° ="6 14. 7*=10 15. e*=3 
1G. ¢ =]? 7. 10= 21 18. 10* = 37 
19. 2° =7 20. 3° = 14 2 le 16 
22, 4*41=9 23, 3-1=4 : 24, 4-*+2= 12 
Objective B 
Solve for x. 
254 108,(2% 93) = 3 26. log,(3x + 1) =2 2ilen JOG (ated) a3 
2K oe 
28. log, (x? zt 6x) iS 29. loss] all 30. log] = 1 
31. logx = log (1 — x) 32. In Gx — 2) =In(@ + 1) 33. In5 =1n (4% — 13) 
34. log,(« — 2) = log,(2x) 35., In(3x + 2) =4 36. In(2x +3)=-1 
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S7eeloss(er) "log ar —oe 38>rlogs3x) logs — log.2 
39. log.x + log.(2x — 3) = log,2 40. log,x + log,(3x — 5) = log,2 
41. log,(6x) = log,2 + log,(x — 4) 42. log. (5x) = log,3 + log,(2x + 1) 
APPLYING THE CONCEPTS 


Solve each equation with a graphing calculator. Round answers to the nearest hundredth. 





SES aX 44. 2*=-x+2 45. 2% Ssi¢—al 46. 3°* =2x 


47. Inx =x? 48> 2ink = 2.41 49: log 4 =20 5 2 50. log.(2x) = 24a 


51. A model for the distance s (in feet) that an object that is experiencing 








‘ = i F ¥ Z e0:32t ae e 0:32t 3 

air resistance will fall in t seconds is given by s = 312.5 In je = 

a. Graph this equation. Suggestion: Use Xmin=0, Xmax = 4.5, 3 

Ymin — 0, Ymax = 140, and Yscl = 20. 3 

b. Determine, to the nearest hundredth of a second, the time it takes 9° 
the object to travel 100 ft. oe ae 

Seconds 

52. A model for the distance s (in feet) that an object that is experiencing " 

0.8t —0.8t oO 

air resistance will fall in t seconds is given by s = 78 In (a) “ 

a. Graph this equation. Suggestion: Use Xmin=0, Xmax = 4.5, 8 

Ymin — 0; Ymax = 140sand Yscl = 20: s 

b. Determine, to the nearest hundredth of a second, the time it takes © 
the object to travel 125 ft. 0 152) 53a 


Seconds 


53. The following “proof” shows that 0.5 < 0.25. Explain the error. 


Y Le 


1- log 0.5 <2-log0.5 
log 0.5 < log(0.5)? 
0:5 =< (035) 
05.2:0.25 








Objective A 


POINT OF INTEREST 


Parkinson's Law (C. Northcote 
Parkinson) is sometimes stated 
as “A job will expand to fill the 
time allotted for the job.” 
However, Parkinson actually 
Said that in any new 
government administration, 
administrative employees will 
be added at the rate of about 
5% to 6% per year. This is an 
example of exponential growth 
and means that a staff of 500 
will grow to approximately 630 
by the end of a 4-year term. 






neon os 
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Applications of Exponential and 
Logarithmic Functions 


To solve application problem. ........0.0.00.0cccccccccsscssesesseseeees 


A biologist places one single-celled bacterium in a culture, and each hour that 
particular species of bacteria divides into two bacteria. After one hour there will 
be two bacteria. After two hours, each of the two bacteria will divide and there 
will be four bacteria. After three hours, each of the four bacteria will divide and 
there will be eight bacteria. 





The table at the right shows the number of bac- 
teria in the culture after various intervals of time, 
t, in hours. Values in this table could also be found 
by using the exponential equation N = 2°. 





The equation N = 2‘ is an example of an exponential growth equation. In gen- 
eral, any equation that can be written in the form A = A,b*, where A is the size 
at time ¢, A) is the initial size, b > 1, and k is a positive real number, is an expo- 
nential growth equation. These equations are important not only in population 
growth studies but also in physics, chemistry, psychology, and economics. 


Recall that interest is the amount of money paid (or received) when borrowing 
(or investing) money. Compound interest is interest that is computed not only 
on the original principal, but also on the interest already earned. The compound 
interest formula is an exponential equation. 


The compound interest formula is P = A(1 +i)", where A is the original 
value of an investment, i is the interest rate per compounding period, n is the 
total number of compounding periods, and P is the value of the investment after 
n periods. 


=> An investment broker deposits $1000 into an account that earns 12% annual 
interest compounded quarterly. What is the value of the investment after 





two years? 
9 
i= ee _ ou = 0.03 Find /, the interest rate per quarter. The quarterly 
7 2 rate is the annual rate divided by 4, the number of 
quarters in one year. 

i e Find n, the number of compounding periods. The 
investment is compounded quarterly, 4 times a 
year, for 2 years. 

Pe Ait)? * Use the compound interest formula. 

P =.1000(1 + 0.03)8 ¢ Replace A, i, and m by their values. 

P ~ 1267 © Solve for P. 


The value of the investment after two years is approximately $1267. 


= 
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Exponential decay offers another example of an exponential equation. One of 
the most common illustrations is the decay of a radioactive substance. For in- 
stance, tritium, a radioactive nucleus of hydrogen that has been used in lumi- 
nous watch dials, has a half-life of approximately 12 years. This means that one- 
half of any given amount of tritium will disintegrate in 12 years. 


The table at the right indicates the amount of an initial 
10-microgram sample of tritium that remains after 
various intervals of time, ¢, in years. Values in this 
table could also be found by using the exponential 
equation A = 10(0.5)”?. 





The equation A = 10(0.5)!? is an example of an exponential decay equation. 
Comparing this equation to the exponential growth equation, note that for expo- 
nential growth, the base of the exponential equation is greater than 1, whereas 
for exponential decay, the base is between 0 and 1. 


A method by which an archaeologist can measure the age of a bone is called 
carbon dating. Carbon dating is based on a radioactive isotope of carbon called 
carbon-14, which has a half-life of approximately 5570 years. The exponential 
decay equation is given by A = A,(0.5)"°5”°, where Ay is the original amount of 
carbon-14 present in the bone, t is the age of the bone, and A is the amount of 
carbon-14 present after ¢ years. 


=> A bone that originally contained 100 mg of carbon-14 now has 70 mg of 
carbon-14. What is the approximate age of the bone? 


A = A,(0.5)#°970 ¢ Use the exponential decay equation. 

70.=100(0.5)7220 ¢ Replace A by 70 and A, by 100 and solve for t. 
0.7 = (0.5)#570 © Divide each side by 100. 

log 0.7 = log(0.5)#5” ® Take the common logarithm of each side of 

i the equation. Then simplify. 
log 0.7 = 5579 0800-5) 
5570 log 0.7 _ 
log 0.5. 
2866 =~ t 


The bone is approximately 2866 years old. 


A chemist measures the acidity or alkalinity of a solution by the concentration 
of hydrogen ions, H*, in the solution using the formula pH = —log(H*). A neu- 
tral solution such as distilled water has a pH of 7, acids have a PH of less than 7, 
and alkaline solutions (also called basic solutions) have a pH of greater than 7. 


=» Find the pH of a certain orange juice that has a hydrogen ion concentration, 
H*, of 2.9 x 10-4. Round to the nearest tenth. 


pH = —log(H*) 
wlos(2.9 x 10) 
3.5376 


e H* =29 x 10-4 


R 


The pH of the orange juice is approximately 3.5. 
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~~ The Richter scale measures the magnitude, M, of an earthquake in terms of the 


Arrival of 
first s-wave 


Arrival of SS 
first p-wave 






24 seconds 
Time between 
s-wave and p-wave 


=> Determine the magnitude of the earthquake for the seismogram given in the 
figure. Round to the nearest tenth. 





intensity, J, of its shock waves. The relationship between the magnitude and 


Purr 2 I 
the intensity is given by M = log = where I 9 1S a constant. 


0 


=» How many times as intense is an earthquake that has a magnitude of 6 on the 


Richter scale than one that has a magnitude of 2? 


vi 
6= log+ * Use the Richter equation to write a system of equations, 
Ip : ; 
I one for magnitude 6 and one for magnitude 2. 
2=log] 
Z Io 
(6: = log Tt, — log I, * Rewrite the equations using the Quotient Property of 
(2) 2 = log Lzeclogd, Logarithms. 
4=log] og I, ® Solve the system of equations by subtracting 
1 Equation (2) from Equation (1). 
4= logs” ¢ Rewrite the equation using the Quotient Property of 
2 Logarithms. 
I 
a = 10* = 10,000 © Solve for _ using the equivalence of y = log x and 
2 2 
x= 10. 


An earthquake that has magnitude 6 on the Richter scale has an intensity 
that is 10,000 times greater than an earthquake of magnitude 2. 


The graph at the left is a seismogram, which is 


mente er ee a t used to measure the magnitude of an earth- 


quake. The magnitude, M, is determined by the 
amplitude, A, of the wave and the difference in 
time, t, between the occurrence of two types of 
waves, called s-waves and p-waves. The equa- 
tion is given by M = log A + 3 log 8t — 2.92. 


Amplitude = 23 mm 


M = logA + 3 log 8t — 2.92 
= log 23 + 3 log[8(24)] — 2.92 
= 1.36173 + 6.84990 — 2.92 © Replace A by 23 and ¢ by 24. 
~ 5.3 ° Simplify. 


The earthquake has a magnitude of 5.3 on the Richter scale. 


The percent of light that will pass through a substance is given by log P = —kd, 
where P is the percent of light passing through the substance, k is a constant 
depending on the substance, and d is the thickness of the substance in meters. 


=> For certain parts of the ocean, k = 0.03. Using this value, at what depth will 


the percent of light be 50% of the light at the surface of the ocean? Round 
to the nearest meter. 


log P = —kd 
log(0.5) = —0.03d ¢ Replace P by 0.5 (50%) and k by 0.03. 
woe) =a ¢ Solve for d. 
—0.03 
10.0343 ~d 


At a depth of about 10 m, the light will be 50% of the light at the surface. 


674 


Chapter 12 / Exponential and Logarithmic Functions 


Example 1 

An investment of $3000 is placed into an 
account that earns 12% annual interest 
compounded monthly. In approximately 
how many years will the investment be 
worth twice the original amount? 


Strategy 
To find the time, solve the compound 
interest formula for n. Use P = 6000, 


Z , = 12% _ 0.12 _ 
A = 3000, andi = D2 D 0.01 
Solution 
P=A(1 +7)" 


6000 = 3000(1 + 0.01)” 
6000 = 3000(1.01)” 
2 = (1.01)" 
log 2 = log(1.01)” 
log 2 = n log 1.01 


] 
e208 2, 
log 1.01 

70 =n 


70 months + 12 ~ 5.8 years 


In approximately 6 years, the investment 
will be worth $6000. 


Example 2 

The number of words per minute that a 
student can type will increase with practice 
and can be approximated by the equation 
N = 100[1 — (0.9)‘], where N is the number 
of words typed per minute after ¢ days of 
instruction. Find the number of words a 
student will type per minute after 8 days 

of instruction. 


Strategy 

To find the number of words per minute, 
replace t by its given value in the equation 
and solve for N. 


Solution 

N = 100[1 — (0.9)*] 
= 100[1 — (0.9)%] 
= 56.95 


After 8 days of instruction, a student will 
type approximately 57 words per minute. 


You Try It 1 
Find the hydrogen ion concentration, H*, of 
vinegar that has a pH of 2.9. 


Your strategy 


Your solution 


You Try It 2 

An earthquake that measures 5 on the 
Richter scale can cause serious damage to 
buildings. The San Francisco earthquake of 
1906 would have measured about 7.8 on 
this scale. How many times as strong was 
the San Francisco earthquake as compared 
with the least forceful earthquake that can 
cause serious damage to buildings? Round 
to the nearest whole number. 


Your strategy 


Your solution 


Solutions on p. S36 
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12.5 Exercises 


e ee 
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Objective A 


For Exercises 1-4, use the compound interest formula P = A(1 + i)” given in 
this section. Round answers to the nearest dollar or year. 


1. 


The Prime Investment Club deposits $5000 into an account that earns 
9% annual interest compounded monthly. What is the value of the in- 
vestment after 2 years? ~ 


An insurance broker deposits $4000 into an account that earns 7% 
annual interest compounded monthly. In approximately how many 
years will the investment be worth $8000? 


A manager estimates that in 4 years the company will need to purchase 
a new bottling machine at a cost of $25,000. How much money must be 
deposited in an account that earns 10% annual interest compounded 
monthly so that the value of the account in 4 years will be $25,000? 


The comptroller of a company has determined that it will be necessary 
to purchase a new computer in 3 years. The estimated cost of the com- 
puter is $10,000. How much money must be deposited in an account 
that earns 9% annual interest compounded quarterly so that the value 
of the account in 3 years will be $10,000? 


For Exercises 5-8, use the exponential decay equation A = A,(0.5)”* given in 
this section. Round answers to the nearest tenth. 


5. 


An isotope of technetium is used to prepare images of internal body 
organs. This isotope has a half-life of approximately 6 h. If a patient is 
injected with 30 mg of this isotope, how long (in hours) will it take for 
the technetium level to reach 20 mg? 


Iodine-131 has a half-life of approximately 8 days and is used to study 
the functioning of the thyroid gland. If a patient is given an injection 
that contains 8 micrograms of iodine-131, how long (in days) will it 
take for the iodine level to reach 5 micrograms? 
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7. Asample of promethium-147 (used in some luminous paints) contains 
25 mg. One year later, the sample contains 18.95 mg. What is the half- 
life of promethium-147, in years? 


8. Francium-223 is a very rare radioactive isotope discovered in 1939 by 
Marguerite Percy. In a laboratory, a 3-microgram sample of francium- 
223 will decay to 2.54 micrograms in 5 min. What is the half-life of 
francium-223, in minutes? 


9. The percent, P, of correct welds a student can make increases with 
practice according to the equation P = 100(1 — 0.75‘), where ¢ is the 
time in weeks. To the nearest week, how many weeks of practice are 
necessary before a student will make 80% of the welds correctly? 


10. The training division of a large corporation has determined that the 
percent, P, of correct responses for new employees on a product knowl- 
edge test can be modeled by the equation P = 100(1 — 0.8‘), where t is 
the time in days. To the nearest percent, what percent of the questions 
will the employee answer correctly after 10 days of training? 


For Exercises 11 and 12, use the equation pH = —log(H*) studied in this 
section. 


11. Find the pH of the digestive solution of the stomach, for which the hy- 
drogen ion concentration is 0.045. 


12. Find the hydrogen ion concentration of cow’s milk, which has an ap- 
proximate pH of 6.6. 


For Exercises 13 and 14, use the equation log P = —kd, which gives the rela- 
tionship between the percent, P (as a decimal), of light passing through a 
substance and its thickness, d. 


13. The value of k for a swimming pool is approximately 0.05. At what 
depth (in meters) will the percent of light be 75% of the light at the sur- 
face of the pool? 


14. The constant k for a piece of blue stained glass is 20. What percent of 
light will pass through a piece of this glass that is 0.005 m thick? 
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For Exercises 15 and 16, use the equation M = log given in this section. 
0 


15. An earthquake that occurred in China in 1978 measured 8.2 on the 
Richter scale. In 1988, an earthquake in Armenia measured 6.9 on the 
Richter scale. How many times as strong was China’s earthquake? 


16. In October 1989, an earthquake of magnitude 7.1 on the Richter scale 
struck San Francisco, California. In January 1994, an earthquake meas- 
uring 6.6 on the Richter scale occurred in the San Fernando Valley in 
California. How many times as strong was the San Francisco earth- 
quake as compared with the San Fernando Valley earthquake? 


For Exercises 17 and 18, use the equation M = logA + 3 log(8t) — 2.92 given 
in this section. 


17. Find the magnitude of an earthquake that has a seismogram with an 
amplitude of 30 mm and for which t = 21 s. 


18. Find the magnitude of an earthquake that has a seismogram with an 
amplitude of 28 mm and for which t = 28 s. 


For Exercises 19 and 20, use the equation D = 10(log/ + 16), where D is the 
number of decibels of a sound and J is the power of the sound in watts. 


19. Find the number of decibels of normal conversation. The power of the 
sound of normal conversation is approximately 3.2 x 10~!° watts. 


20. The loudest sound made by any animal is made by the blue whale and 
can be heard over 500 mi away. The power of the sound made by the 
blue whale is 630 watts. Find the number of decibels of the sound emit- 
ted by the blue whale. 


Astronomers use the distance modulus formula M = 5 logr — 5, where M is 
the distance modulus of a star and r is the distance from Earth to the star in 
parsecs (1 parsec = 1.918 x 10!3 mi). Use this formula for Exercises 21 to 24. 


21. The distance modulus of the star Betelgeuse is 5.89. How many parsecs 
from Earth is this star? 


22. The distance modulus of Alpha Centauri is —1.11. How many parsecs 
from Earth is this star? 
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23. The distance modulus of the star Antares is 5.4, which is twice that of 
the star Pollux. Is Antares twice as far from Earth as Pollux? If not, how 
many times as far from Earth is Antares as compared with Pollux? 


24. If one star has a distance modulus of 2 and a second star has a distance 
modulus of 6, is the second star three times as far from Earth as the 
first star? 


The formula T = 14.29 In(0.00411r + 1) is one model for the time, T (in 
years), before our natural oil resources, r (in billions of barrels of oil), will 
be depleted. Use this formula for Exercises 25 and 26. 


25. According to this model, how many barrels of oil are necessary for our 
natural oil resources to last 20 more years? 


26. According to this model, how many barrels of oil are necessary for our 
natural oil resources to last 50 more years? 


APPLYING THE CONCEPTS 


27. Some banks now use continuous compounding of an amount invested. 
In this case, the equation that relates the value of an initial invest- 
ment of A dollars after ¢t years at an annual interest rate of r% is given 
by P = Ae”. Using this equation, find the value after 5 years of an 
investment of $2500 into an account that earns 5% annual interest. 


28. Using the continuous compounding interest formula in Exercise 27, 
find how many years it will take an investment to double if the annual 
interest rate is 6%. Does the time it takes the investment to double in 
value depend on the amount of the initial investment? 


29. Solve for r: T = 14.29 In(0.00411r + 1) 


30. Solve forr: M = 5 logr—5 


31. IfM =5logr, —5 and 2M = 5 log r, — 5, express r, in terms of r,. 
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| Focus on Problem Solving 


The four-step plan for solving problems that we have used before is restated here. 


1. Understand the problem. 
2. Devise a plan. 

3. Carry out the plan. 

4. Review the solution. 


One of the techniques that can be used in the second step is a method called 
proof by contradiction. In this method you assume that the conditions of the 
problem you are trying to solve can be met and then show that your assumption 
leads to a condition you already know is not true. 


To illustrate this method, suppose we try to prove that V2 is a rational number. 
We begin by recalling that a rational number is one that can be written as the 
quotient of integers. Therefore, let a and b be two integers with no common fac- 
tors. If V2 is a rational number, then 


a 
ene 
b 
2 
(VO = ¢ © Square each side. 
2 
a 
2=5 
25° =a e Multiply each side by b2. 


From the last equation, a? is an even number. Because a? is an even number, a is 
an even number. Now divide each side of the last equation by 2. 


2b7 =a" —"a-a 

baal x she 2 

2 

Because a is an even number, a - x is an even number. Because a - x is an even 
number, b? is an even number, and this in turn means that b is an even number. 
This result, however, contradicts the assumption that a and b are two integers 
with no common factors. Because this assumption is now known not to be true, 
we conclude that our original assumption, that V/2 is a rational number, is false. 


This proves that V2 is an irrational number. 


Try a proof by contradiction for the following problem: “Is it possible to write 
numbers using each of the digits 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9 exactly once so that 
the sum of the numbers is exactly 100?”* Here are some suggestions. First note 
that the sum of the 10 digits is 45. This means that some of the digits used must 
be tens digits. Let x be the sum of those digits. 


1. What is the sum of the remaining units digits? 

2. Express “the sum of the units digits and the tens digits equals 100” as an 
equation. (Note: Writing an equation is one of the possible problem-solving 
strategies.) 

3. Solve the equation for x. 

4. Explain why this result means that it is impossible to satisfy both conditions 
of the problem. 

*G. Polya, How to Solve It: A New Aspect of Mathematical Method, copyright © 1957 by G. Polya. 

Reprinted by permission of Princeton University Press. 


a 
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[| 


Fractals* 





| Projects and Group Activities 


Fractals have a wide variety of applications. They have been used to create spe- 
cial effects for movies such as Star Trek II: The Wrath of Khan and to explain the 
behavior of some biological and economic systems. One aspect of fractals that 
has fascinated mathematicians is that they apparently have fractional dimension. 


To understand the idea of fractional dimension, one must first understand the 
terms “scale factor” and “size.” Consider a unit square (a square of length 1). By 
joining four of these squares, we can create another square, the length of which 
is 2, and the size of which is 4. (Here, size = number of square units.) Four of 
these larger squares can in turn be put together to make a third square of length 
4 and size 16. This process of grouping together four squares can in theory be 
done an infinite number of times; yet at each step, the following quantities will 
be the same: 

new length new size 


size ratio = 


l Bs 
Seale Ghar old length old size 


Consider the unit square as Step 1, the four unit squares as Step 2, etc. 


1. Calculate the scale factor going from a. Step 1 to Step 2, b. Step 2 to Step 3, 
and c. Step 3 to Step 4. 


2. Calculate the size ratio going from a. Step 1 to Step 2, b. Step 2 to Step 3, and 
c. Step 3 to Step 4. 


3. What is a. the scale factor and b. the size ratio going from Step n to 
stepa1 4 1? 


log(size ratio) 


Mathematicians have defined dimension using the formula d = —2-—*——_, 
log(scale factor) 


So by this definition of dimension, squares are two-dimensional figures. 


Now consider a unit cube (Step 1). Group eight unit cubes to form a cube that is 
2 units on each side (Step 2). Group eight of the cubes from Step 2 to form a 
cube that is 4 units on each side (Step 3). 


4. Calculate a. the scale factor and b. the size ratio for this process. 
5. Show that the cubes are three-dimensional figures. 


In each of the above examples, if the process is continued indefinitely, we still 
have a square or a cube. Consider a process that is more difficult to envision. Let 
Step 1 be an equilateral triangle whose base has length 1 unit, and let Step 2 be 
a grouping of three of these equilateral triangles, such that the space between 
them is another equilateral triangle with a base of length 1 unit. Three shapes 
from Step 2 are arranged with an equilateral triangle in their center, and so on. 
It is hard to imagine the result if this is done an infinite number of times, but 
mathematicians have shown that the result is a single figure of fractional dimen- 
sion. (Similar processes have been used to create fascinating artistic patterns 
and to explain scientific phenomena.) 


6. Show that for this process a. the scale factor is 2 and b. the size ratio is 3. 
7. Calculate the dimension of the fractal. (Note that it is a fractional dimension!) 


“Adapted with permission from “Student Math Notes,” by Tami Martin, News Bulletin, November 1991 


| Graphing. - 
Logarithmic 
Functions Using a 
_ Graphing Calculator 


The Appendix: Guidelines 

\ for Using Graphing 
Calculators contains 

_keystroking suggestions to use 
with this project. 
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A graphing calculator can be used to draw the graphs of logarithmic functions. 


For the graphs below, a suggested viewing window will be given as [XMIN, 
XMAX] by [YMIN, YMAX], but the keystrokes for that window will not be shown. 


To graph a logarithmic function, first note that there are two logarithm keys, 
and [LN]. The first key gives logarithms to the base 10 and the second 
gives the values of natural logarithms. The graph of y = In x is shown at the left. 


To graph a logarithmic function other than base 10 or base e, the change of base 
formula is used. Here is the change of base formula discussed earlier. 


log, N 
log,N = eee 
log,a 


To graph y = log,x, we can change from base 2 logarithms to the equivalent base 
10 logarithms” as follows. 


OCA ech ° a=2,b=10,N=x 





x ‘ : : 3 
using a viewing window of 


We now graph the equivalent equation y = ee ; 


pew iS Bboy or): 


The graphs of more complicated functions involving logarithms are 
produced in much the same way as was shown above. To graph 
—2 losQx = 5) ey 


y = —2 log,(2x + 5) + 1, enter into the calculator y = log 3 


*We are using base 10 here. You can also produce the graphs by using natural logarithms. 


— 
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Key Words 


Essential Rules 


| Chapter Summary 


A function of the form f(x) = b* is an exponential function, where b is a posi- 
tive real number not equal to one. The number b is the base of the exponential 
function. 


For b > 0,b # 1, y = log, x is equivalent to x = b’. 
log,x is the logarithm of x to the base b. 


Common logarithms are logarithms to the base 10. (We usually omit the base 10 
when writing the common logarithm of a number.) 


The mantissa is the decimal part of a common logarithm. The characteristic is 
the integer part of a common logarithm. 


When e (the base of the natural exponential function) is used as a base of a 
logarithm, the logarithm is referred to as the natural logarithm and is abbre- 
viated In x. 


An exponential equation is an equation in which the variable occurs in the 
exponent. 
The Logarithm Property of the Product of Two Numbers 


For any positive real numbers x, y, and b, b # 1, 
log, (xy) = log,x + log, y. 


The Logarithm Property of the Quotient of Two Numbers 


For any positive real numbers x, y, and b, b # 1, 


log, =log,x« — log, y. 


The Logarithm Property of the Power of a Number 


For any positive real numbers x and b, b ¥ 1, and for any real 
number r, log, x’ = r log, x. 


Additional Properties of Logarithms 


Let x, y, and b be positive and real numbers with b # 1. Then 
log,1 = 0. 
If log, x = log, y, then x = y. 


Change-of-Base Formula 


log,N 
log,a 


log N= 


1-1 Property of Exponential Functions 
If b* = bY, then x = y. 


Chapter Review 


1. 


3. 


11. 


13. 


15. 


Evaluate f(x) = e*-? atx = 2. 


Graph: f(x) = 3-* + 2 





Write log, \/x2y4 in expanded form. 


Solve: 27% + 4 = 817-3 


Find log,22. Round to the nearest ten- 
thousandth. 


Solve: log,(« + 2)=4 


Write 5 (log, + 4log_y) as a single logarithm 


with a coefficient of 1. 


Write 25 = 32 in logarithmic form. 


Z: 


4. 


10. 


12. 


14. 


16. 
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Write log.25 = 2 in exponential form. 


Graph: f(x) = log, — 1) 





Write 2 log,x — 5 log,y as a single logarithm 
with a coefficient of 1. 


Wee aZ 


Bx ait 





Solve: log. 


Solve: log,x = 5 
Solve: log,,x = 3 


Write log, fs in expanded form. 


Find log,1.6. Round to the nearest ten- 
thousandth. 
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9) x+2 
17. Solve 3**? = 5 for x. Round to the nearest 18. Evaluate f(x) = (5) ate = 3s 
thousandth. 
19, Solve: log.@ +.2)— logy = log .4 20. Solve: log,(2x) = log,2 + log,(3x — 4) 
21. Graph: f(x) = (5) 22. Graph: f(x) = log,(2x — 1) 





23. Use the compound interest formula P = A(1 + i)", where A is the original 
value of an investment, i is the interest rate per compounding period, and 
n is the number of compounding periods, to find the value of an investment 
after 2 years. The amount of the investment is $4000, and it is invested at 
8% compounded monthly. 


24. Using the Richter equation M = log-, where M is the magnitude of an 
0 


earthquake, J is the intensity of its shock waves, and I, is a constant, how 
many times as strong is an earthquake with magnitude 6 on the Richter 
scale as one with magnitude 3 on the scale? 


tlk 


25. Use the exponential decay equation A = Ag| , where A is the amount of 


1 
2 
a radioactive maierial present after time ¢, k is the half-life, and Aas the 
original amount of radioactive material, to find the half-life of a material 
that decays from 25 mg to 15 mg in 20 days. Round to the nearest whole 
number. 


26. The number of decibels, D, of a sound can be given by the equation 
D = 10(log J + 16), where J is the power of the sound measured in watts. 
Find the number of decibels of sound emitted from a busy street corner for 
which the power of the sound is 5 X 10~¢ watts. 
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Chapter Test _ “ 





yD x 
1. Evaluate f(x) = (5) ALK =O: Zz, Evaluate f(x) = 3%7' atx = —2. 


—— ee ae 


3. Graph: f(x) = 2* -— 3 % 4. Graph: f(x) = 2* + 2 


y 











5. Evaluate: log,16 6. Solve for x: log,x = —2 


7. Graph: f(x) = log,(2x) 8. Graph: f(x) = log,@ + 1) 





caviert : ° 
9. Write log, Vxy? in expanded form. 10. Write 5 (log, x — log,y) as a single logarithm 


with a coefficient of 1. 
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= aid ingle loga- 
11. Write In( ==] in expanded form. 12. Write 3 Inx —Iny 7 In z as a sing g 


rithm with a coefficient of 1. 


13. Solvetorx.37'' = 3%~> 14. Solve for x: 8* = 2*~° 

15. Solve for x: 3* = 17 16. Solve for x: log x + log(x — 4) = log 12 

17. Solve for x: log,x + log.(« — 1) = 1 18. Find log.9. 

19. Find log,19. 20. Use the exponential decay equation 


tlk 
A= AQ(5] , Where A is the amount of a radio- 


active material present after time ¢, k is the 
half-life, and A, is the original amount of 
radioactive material, to find the half-life of 
a material that decays from 10 mg to 9 mg in 
5 h. Round to the nearest whole number. 





1. 


11. 


13. 


Cumulative Review 


Solve: 4 — 2[x — 3(2 — 3x) — ax |= "2% 


Factor: 4x27 + 7x” + 3 


Vaxy 
ig 





Simplify: 


S 


Find the unknown side of the triangle in the 
figure below. 


10 cm 


24 cm 


Solve by the addition method. 
Spey +°7.= 3 
xt+y+4z=7 

34 — 2y + 3z= 8 


Solve: x2 + 4x —5 <0 


Graph: f(x) = (5) +4 





10. 


12. 


14. 


Cumulative Review 
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Find the equation of the line that contains 
the point (2, —2) and is parallel to the line 


2-5 y=. 


1 + 
Simplify: ———— 
et 


RlRlTR lon 
Ha] Ale 


Solve by completing the square: 
R= A aC 


Graph the solution set: 2x — y < 3 
Ot Vel 





4 Ose 


re 
Subtract: Ee ob AS 


Solve: |2x — 5] = 3 


Graph: f(x) = log,x — 1 
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15. New carpet is installed in a room measur- 16. Solve for x: log.x = 3 
ing 18 ft by 14 ft. Find the area of the room in 
square yards. (9 ft? = 1 yd?) 


17. Write 3 log,x — 5 log, y as a single logarithm 18. Find log,7. Round to the nearest ten- 
with a coefficient of 1. thousandth. 
19. Solve for x: 4°*-? = 4°**? 20. Solve for x: log x + log(2x + 3) = log 2 


21. A bank offers two types of checking accounts. One account has a charge 
of $5 per month plus 2 cents per check. The second account has a charge 
of $2 per month plus 8 cents per check. How many checks can a customer 
who has the second type of account write if it is to cost the customer less 
than the first type of checking account? 


22. Find the cost per pound of a mixture made from 16 lb of chocolate that 
costs $4.00 per pound and 24 lb of chocolate that costs $2.50 per pound. 


23. A plane can fly at a rate of 225 mph in calm air. Traveling with the wind, 
the plane flew 1000 mi in the same amount of time that it took to fly 
800 mi against the wind. Find the rate of the wind. 


24. The distance (d) that a spring stretches varies directly as the force (f) 
used to stretch the spring. If a force of 20 lb stretches a spring 6 in., how 
far will a force of 34 lb stretch the spring? 


25. A carpenter purchased 80 ft of redwood and 140 ft of fir for a total cost of 
$67. A second purchase, at the same prices, included 140 ft of redwood and 
100 ft of fir for a total cost of $81. Find the cost of redwood and of fir. 


26. The compound interest formula is P = A(1 + i)", where A is the original 
value of an investment, i is the interest rate per compounding period, 
n is the total number of compounding periods, and P is the value of the 
investment after n periods. Use the compound interest formula to find 
the number of years in which an investment of $5000 will double in value. 
The investment earns 9% annual interest and is compounded semiannually. 
Round to the nearest whole number. 


1. 


11. 


13. 


nD. 


Simplify: 
Pe Os — (—2) 7 = 538 


Simplify: 5 — 2[3x — 7(2 — x) — 5x] 


Solve: 8 — [5 — 3x| = 1 


Graph 2x —3y = 9 using the x- and 
y-intercepts. 





Find the equation of the line that contains 
the point (—2, 1) and is perpendicular to the 
line 3x — 2y = 6. 


Pactor: 8 — x*y* 


Divide: (2x3 — 7x? + 4) + (2x — 3) 


Kea tS 
Subtract: a es 





Ps 


10. 


12. 


14. 


16. 
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| Final Exam | | 


a’ —b? 


Evaluate 5 when a = 3 andb = —4. 





2; 
Gh = 


Solve: =x a, 


Find the volume of a sphere with a diameter 
of 8 ft. Round to the nearest tenth. 


Find the equation of the line containing the 
points (3, —2) and (1, 4). 


Simplify: 2a[5 — a(2 — 3a) — 2a] + 3a? 


Factor 4 yo ey 


Pe ie Le 
4x? — 4 





ae x? — 3x 
Divide: ye eae 5 





+ 
Simplify: aE 
+ 


x+4 


Ww} + 





& |e 1s [ow 
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17. 


19. 


ZAe 


23. 


25. 


Zl 


Zo: 


si 
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5 
Solve: ee 





; ‘ 4 2 IN 2 2x7} 2\3 
Simplify: ( =| (= 


Subtract: xV 18xy? — yV50x*y 


Simplify: >, 


Solve by using the quadratic formula: 


2x? —- 3x —-1=0 


Graph: f(x) = —x* + 4 








Solve by the addition method: 
Sx 2y =) 
5x — 3y =3 


18. 


20. 


22. 


24. 


26. 


28. 


30. 


32. 


Solve a, =a, + (n—- 1)d for d. 


: id a 
Simplify: (= 


V 16x>y* 
V32xy! 





Simplify: 


Write a quadratic equation that has integer 


coefficients and has solution “5 and 2. 


Solve: x23 — x3 —-6=0 





Find the inverse of the function 


fix) = Sx — 4, 


Evaluate the determinant: 
394 
—-1 2 





33. 


t 35. 


39. 


40. 


41. 
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Solve: 2 — 3x <“6and2x+1>4 34. Solve: |2x + 5| <3 


Graph the solution set: 3x + DVO 56. eGraphafs)) = 3-* — 2 





Graph: f(x) = log,(x + 1) 38. Write 2(log,a — log,b) as a single logarithm 
with a coefficient of 1. 





Sove tors: log,x — log.(x — 3) log.2 


An average score of 70-79 in a history class receives a C grade. A student 
has grades of 64, 58, 82, and 77 on four history tests. Find the range of 
scores on the fifth test that will give the student a C grade for the course. 


A jogger and a cyclist set out at 8 A.M. from the same point headed in the 
same direction. The average speed of the cyclist is two and a half times the 
average speed of the jogger. In 2 h, the cyclist is 24 mi ahead of the jogger. 
How far did the cyclist ride in that time? 
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42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


Final Exam 


You have a total of $12,000 invested in two simple interest accounts. On 
one account, a money market fund, the annual simple interest rate is 
8.5%. On the other account, a tax free bond fund, the annual simple in- 
terest rate is 6.4%. The total annual interest earned by the two accounts 
is $936. How much do you have invested in each account? 


The length of a rectangle is 1 ft less than three times the width. The area 
of the rectangle is 140 ft?. Find the length and width of the rectangle. 


Three hundred shares of a utility stock earn a yearly dividend of $486. 
How many additional shares of the utility stock would give a total divi- 
dend income of $810? 


An account executive traveled 45 mi by car and then an additional 
1050 mi by plane. The rate of the plane was seven times the rate of the 
car. The total time for the trip was 32 h. Find the rate of the plane. 


An object is dropped from the top of a building. Find the distance the ob- 
ject has fallen when the speed reaches 75 ft/s. Use the equation v = V64d, 
where v is the speed of the object and d is the distance. Round to the 
nearest whole number. 


A small plane made a trip of 660 mi in 5 h. The plane traveled the first 
360 mi at a constant rate before increasing its speed by 30 mph. Then it 
traveled another 300 mi at the increased speed. Find the rate of the plane 
for the first 360 mi. 


The intensity (ZL) of a light source is inversely proportional to the square 
of the distance (d) from the source. If the intensity is 8 foot-candles at a dis- 
tance of 20 ft, what is the intensity when the distance is 4 ft? 


A motorboat traveling with the current can go 30 mi in 2 h. Against the 
current, it takes 3 h to go the same distance. Find the rate of the motor- 
boat in calm water and the rate of the current. 


An investor deposits $4000 into an account that earns 9% annual interest 
compounded monthly. Use the compound interest formula P = A(1 + i)", 
where A is the original value of the investment, i is the interest rate per 
compounding period, n is the total number of compounding periods, and 
P is the value of the investment after n periods, to find the value of the 
investment after 2 years. Round to the nearest cent. 


As you will learn from studying this 
chapter, sequences are patterns of 
numbers. Discovering patterns is very 
important in the scientific community. 
It is by looking for patterns that 
geneticists have identified patterns 

in DNA, thereby enabling them to 
decipher the genetic codes carried by 
the DNA. 
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TN ET SSS OSS SE ISIS SOSSSSSSCOECSSSSSECESS 


Soe Car 'l'O N 36 
Introduction to Sequences 








and Series 


Write the terms of a sequence 


eek 
i 
canted 


An investor deposits $100 in an account that earns 10% interest compounded an- 
nually. The amount of interest earned each year can be determined by using the 
compound interest formula. The amount of interest earned in each of the first four 


years of the investment is shown below. 


Year 1 z 3 4 
Interest Earned |$10 $11 $12.10 $13.31 


The list of numbers 10, 11, 12.10, 13.31 is called a sequence. A sequence is an or- 
dered list of numbers. The list 10, 11, 12.10, 13.31 is ordered because the position 
of a number in this list indicates the year in which the amount of interest was 
earned. Each of the numbers of a sequence is called a term of the sequence. 


Examples of other sequences are shown at the 
right. These sequences are separated into two 
groups. A finite sequence contains a finite 
number of terms. An infinite sequence con- 
tains an infinite number of terms. 


For the sequence at the right, the first term is 2, 
the second term is 4, the third term is 6, and the 
fourth term is 8. 


A general sequence is shown at the right. The 
first term is a,, the second term is a,, the third 
term is a,, and the nth term, also called the 
general term of the sequence, is a,. Note that 
each term of the sequence is paired with a nat- 
ural number. 


112358 aa 
12,3, 45 677.88 


eget eat sequences 
LS) Opies 

Loe Infinite 
i DIArearrr 

20 4°8 sequences 
1 2 oo 
2,4, 6, 8, . 


Frequently, a sequence has a definite pattern that can be expressed by a formula. 


Each term of the sequence shown at the right is 
paired with a natural number by the formula 
a, = 3n. The first term, a,, is 3. The second 
term, @,, is 6. The third term, a;, is 9. The nth 
term, @,,, is 3n. 


a,=3n 


ay, Ao, Az, «++, any eee 
3), 3(2), 33)n. 8 SG 
Oy 36, . OO aa este 
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Example 1 Write the first three terms of the sequence whose nth term is 
given by the formula a, = 2n — 1. 


Solution 4, =2n-1 
a,=2(1)-1=1  ® Replace x by 1. 
a, = 2(2) -1=3 ® Replace x by 2. 
a, = 2(3) -1=5  ® Replace » by 3. 


The first term is 1, the second term is 3, and the third term is 5. 


Problem 1 Write the first four terms of the sequence whose nth term is 
given by the formula a, = n(n + 1). 


Solution See page S37. 


~ Example 2 Find the eighth and tenth terms of the sequence whose nth term 


is given by the formula a, = eae 





a 
Soluti = 
olution = 4, =" 
8 8 fe 
dele uate to » Replace n by 8. 








0 Re 
40-Foe1 11 ” Replace m by 10. 


- : eo ee 
The eighth term is 5, and the tenth term is a 

Problem 2 Find the sixth and ninth terms of the sequence whose nth term is 
1 


given by the formula a, = GD: 


we Solution See page S37. 





Find the sum of a series 


At the beginning of this section, LOFT I 2A 13i5t 
the sequence 10, 11, 12.10, 13.31 was 

shown to represent the amount of in- 

terest earned in each of 4 years of an 

investment. 


The sum of the terms of this sequence 
represents the total interest earned by 
the investment over the 4-year period. 


10 + 11 + 12.10 + 13.31 = 46.41 
The total interest earned over the 
4-year period is $46.41. 


The indicated sum of the terms of a sequence is called a series. Given the sequence 
10, 11, 12.10, 13.31, the series 10 + 11 + 12.10 + 13.31 can be written. 


S, is used to indicate the sum of the first n terms of a sequence. 


For the preceding example, the sums 
of the series S,, S,, S,,and S, represent 
the total interest earned for 1, 2, 3, and 


4 years, respectively. 


S, = 10 = 10 
S,=10+ 11 =r2t 
S; = 10 + 11 + 12.10 == 0.0 


S,= 10 + 11 + 12.10 + 13.31 = 46.41 
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For the general sequence 4,, a5, a3, . 


o S,=a 
, 1 1 
a,, the series S,, S,, S,, and S, are Dy = 2,14 2, 
shown at the right. S3 = 4, + a + a, 


OA ay tay oe 


It is convenient to represent a series in a compact form called summation nota- 
tion, or sigma notation. The Greek letter sigma, &, is used to indicate a sum. 


The first four terms of the sequence 
whose nth term is given by the for- 
mula a, = 2n are 2, 4, 6, 8. The corre- bi 
sponding series is shown at the right 
written in summation notation and is 

read “the summation from 1 to 4 of 

2n.” The letter n is called the index of 

the summation. 


Mea 


2n 


1 


lI 


4 
To write the terms of the series, re- > 2n = 2(1) + 2(2) + 2(3) + 2(4) 
place n by the consecutive integers a 
from 1 to 4. 
The series is2 +4+6+ 8. =2+4+6+8 
The sum of the series is 20. = 20 


3 
Example 3 Find the sum of theseries. A. \(2i-1) B. > sn 
i=1 


n=3 


3 
Solution A. >(2i — 1) 
1=1 


= (2(1) — 1] + (22) - 1] + [26) — 1] » Replace i by 1, 2, 





and 3. 
=14+3+5 w» Write the series. 
=9 ® Find the sum of 

the series. 

6 
1 
B. =i 
22 
ih by 3,4 
1 1 1 1 ® Replace n by 3, 4, 
SO) yee) (6) & and é. 
= : +2+ : +3 » Write the series. 
=9 ® Find the sum of 


the series. 
4 
Problem 3 Find the sum of theseries. A. >(7-—n)  B. Dd(i? — 2) 
n=1 i 


«« Solution See page S37. 


5 
“ Example 4 Write >)x' in expanded form. 


i=1 
° » This is a variable series. Replace i 


5 
Solution Dx H=xtxrtxrtxttex 
ou by 1, 2,3, 4, and 5. 
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5 
Problem 4 Write >) nx in expanded form. 


n—1 
Solution See page S37. 


State whether the following statements are always true, sometimes true, or never 
true. 


1. A-sequence is an ordered list of numbers. 


2. The indicated sum of the terms of a sequence is called a series. 


1 


3. The first term of the sequence 4, = ae is 7 


3 
4. The sum of the series >)2i + 2 is 18. 


i=1 





2. # Whatis the difference between a finite sequence and an infinite sequence? 


Write the first four terms of the sequence whose nth term is given by the formula. 











3. a,=n+1 4, 4,=n-1 5. a, end 
6. a,=3n-—1 7. €,=2—2n 8. a,=1-2n 
9a = 2" 10. a, =3" ll. a,=n+1 
IBIS = n eel n al 
12, a,=n 1 135,34), ay 14. 4, = = 
15 ee ee 16 ao ses nt1 
seta. * - & = = 17 aE 
a (-1)"" (-1)"*1 
18. Una ee 19. a, = eed 20. Ca (—1)"@r Tait et 1) 


+1 
21 oa, = (=A) 22 hg = tl, 23.24. 2(2) 
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Find the indicated term of the sequence whose nth term is given by the formula. 


24. 4, =3n + 45a, 25. 
n 
27. a, = n+ 1? #12 28. 
1 n 
30. a,= (3) ; ag a1: 
33. Stitt 4) 1)n- 34. = 
3 
36. 4, = 51 — 2a, 7 euy. 


What is a series? 





Find the sum of the series. 





5 7 
40. > (2n +3) 41. > (+ 2) 
na j=1 
6 5 
44, Si? 45. DS(i2 +1) 
Zt 71 
6 4 
48. di 49, > 2" 
i=3 n=2 
4 1 5 1 
pa Ds 53. iS 
i=1 i=1 
4 5 (-—1)"? 
55. >(-1) G+ 1) 56. > es 
ae n=3 


Write the series in expanded form. 


Mae 


58. 2x" 
n=1 
5 xt 
60. >= 
ere 
5 xi 
62. 2&5 
5 
se SX” 


2 
ll 
Fal 


APPLYING CONCEPTS 13.1 


a, = 2n 


Write a formula for the nth term of the sequence. 


66. The sequence of the natural numbers 


= O7 Rio 


(cs a 1; 5 





What is summation notation or sigma notation? 


59. 


61. 


63. 


65. 


67. 











265i = ON aad) 0. 
20 it —1 oe ide 
32. =(n + 2)(n + 3); a,7° 
ale 
3900 Op ne a he 
4 vf 
52> 2i 43. dn 
i=1 n=1 
el 
46. > (-1)" AT >, a 
n=1 n=1 
Gee. 
50. 1. > 
n=3 i=3 
54. >) (-1)" 1? 
n=1 
7 
eu 
57S, as 
n=4 








The sequence of the odd natural numbers 
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68. The sequence of the negative even integers 69. The sequence of the negative odd integers 
70. The sequence of the positive multiples of 7 71. The sequence of the positive integers that are 
divisible by 4 
Find the sum of the series. Write your answer as a single logarithm. 
5 4 

72. log n 73. Dlog 21 

n=1 i=1 
Solve. 


74. Number Problem The first 22 numbers in the sequence 4, 44, 444, 4444, ... 
are added together. What digit is the thousands place of the sum? 


75. Number Problem The first 31 numbers in the sequence 6, 66, 666, 6666, ... 
are added together. What digit is in the hundreds place of the sum? 


A recursive sequence is one for which each term of the sequence is defined 
by using preceding terms. Find the first three terms of each recursively defined 
sequence. 


76. a,=1,4,=n4a,_,n=2 11. A =a = 1467 = 44 a, ol 


78. In the first box below, : of the box is shaded. 

il 
1 1 4, 1 

Can you identify the sum 5 + 7 + Sus 


1 1 1 
and 5 + 7 + 3 are shown. 


F i 
In successive boxes the sums o + 





: 1 1 Loe : ; 
79. Rewrite 1 + 7 +3 7° +7 using sigma notation. 


80. <% Medicine A model used by epidemiologists (people who study epi- 
demics) to study the spread of a virus suggests that the number of peo- 
ple in a population newly infected on a given day is proportional to the 
number not yet exposed on the previous day. This can be described by a re- 
cursive sequence (see Exercises 76 and 77) defined by a, — a,_; = k(P — a,_4), 
where P is the number of people in the original population, a, is the number 
of people exposed to the virus n days after it begins, a,_, is the number of 
people exposed on the previous day, and k is a constant that depends on the 


contagiousness of the disease and is determined from experimental evidence. 


a. Suppose that a population of 5000 people is exposed to a virus and 150 
people become ill (4) = 150). The next day, 344 people are ill (a, = 344). 
Determine the value of k. 





b. Substitute the values of k and P into the recursion equation, and solve 
for 4,,. 


c. How many people are infected after 4 days? 


Lg 
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81. * Explain the difference between a sequence and a series. 


? 


82. # 


ty 


Si 


Write a paper on Joseph Fourier. 


83. // Write a paragraph about the history of the sigma notation used for 


* summation. 





See | 1 OUOUN 











13.2 
Arithmetic Sequences and Series 


A company’s expenses for training a new employee are quite high. To encourage 
employees to continue their employment with the company, a company that has 
a 6-month training program offers a starting salary of $800 a month and then a 
$100-per-month pay increase each month during the training period. 


Find the nth term of an arithmetic sequence 


The sequence below shows the employee’s monthly salaries during the training 
period. Each term of the sequence is found by adding $100 to the previous term. 
Month 1 Zz 3 4 3 6 
Salary | 800 900 1000 1100 1200 1300 
The sequence 800, 900, 1000, 1100, 1200, 1300 is called an arithmetic sequence. An 
arithmetic sequence, or arithmetic progression, is one in which the difference be- 


tween any two consecutive terms is constant. The difference between consecutive 
terms is called the common difference of the sequence. 


Each sequence shown below is an arithmetic sequence. To find the common dif- 
ference of an arithmetic sequence, subtract the first term from the second term. 


D/A AZO ee Common difference: 5 
Blend nee ore Common difference: —2 
3 5 7 : il 

i Bu a 57 3, a Common difference: 5 


Consider an arithmetic sequence in which the first term is a, and the common dif- 
ference is d. Adding the common difference to each successive term of the arith- 


metic sequence yields a formula for the nth term. 
The first term is @,. a, =a, 
To find the second term, add the common differ- a,=a,+d 
ence d to the first term. 


To find the third term, add the common differ- €a,=a,+d=(a,+d)+d 


ence d to the second term. a, =a, + 2d 

To find the fourth term, add the common differ- a4,=a,+d=(a,+ 2d)+d 
ence d to the third term. a, =a,+ 3d 

Note the relationship between the term number 

and the number that multiplies d. The multiplier 

of d is 1 less than the term number. a, =a,+(n—1)d 


_ 
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The Formula for the nth Term of an Arithmetic Sequence 





' Example 1 Find the 27th term of the arithmetic sequence —4, —1, 2,5, 8,.... 


Solution d=a,-—a,=-—1-—(-4)=3_ »® Find the common difference. 
a, =a,+(n—-1)d » Use the Formula for the ath Term 
Any = —4 + (27 — 1)3 of an Arithmetic Sequence to find 
= —4 + (26)3 the 27th term. n= 27 a, = -@ 
= —4+ 78 —o 
= 74 


Problem 1 Find the 15th term of the arithmetic sequence 9, 3, —3, —9,.... 
Solution See page S37. 


~ Example 2 Find the formula for the nth term of the arithmetic sequence 
5 167 le 


Solution d=a,-—a,=~—1-(—-5)=4 _ ® Find the common difference. 
a, =a,+(n—1)d » Use the Formula for the nth Term 
a, = —5+(n — 134 of an Arithmetic Sequence. 
a,=—5+4n—4 ,=-5d=4 
A a 


Problem 2 Find the formula for the nth term of the arithmetic sequence 
SSOP OO ote 


i Solution See page S37. 


Example 3 Find the number of terms in the finite arithmetic sequence 7, 10, 


IS 2.255. 
Solution d=a,-—a,=10—7=3 _ »® Find the common difference. 
ay =a, +(n — Id » Use the Formula for the nth Term of 
55. = 7. Gi = 1)3 an Arithmetic Sequence. 
55=7+3n-3 a, = 55,4,= 7d =3 
55. =,3n,+ 4 ® Solve for n. 
Dl.= on 
17 =n 


There are 17 terms in the sequence. 


Problem 3 Find the number of terms in the finite arithmetic sequence 7, 9, 
LD iyo 


«« Solution See page S37. 
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Find the sum of an arithmetic series 


The indicated sum of the terms of an arithmetic sequence is called an arithmetic 
series. The sum of an arithmetic series can be found by using a formula. 





The Formula for the Sum of ” Terms of an Arithmetic Series 






Each term of the arithmetic sequence shown at the right DES eee 
was found by adding 3 to the previous term. 


Each term of the reverse arithmetic sequence can be found 20,17, 14 noe 
by subtracting 3 from the previous term. 


This idea is used in the following proof of the Formula for the Sum of n Terms of 
an Arithmetic Series. 


Let S,, represent the sum of the series. 
S, =a, + (a, +a) + (@, + 2d) 4+ ~> a, 
Write the terms of the sum of the series in reverse order. The sum is the same. 
5, a, (a, =~ d) 4°, — 22d) + + ea, 
Add the two equations. 
2S, = (a, + 4,) +:@, + @,) + @, + 4,) + --- + @ +4,) 


Simplify the right side of the equation by using the fact that there are n terms in 
the sequence. 


: 2S, rr na, sts An) 


Solve for S,.. 


Sy = 3 + &) 


= Example 4 Find the sum of the first 10 terms of the arithmetic sequence 2, 4, 


6787 
Solution d=a,-a,=4-2=2 ®» Find the common difference. 
A a ite cl)a » Use the Formula for the nth 
Ap 2 0 1)2 Term of an Arithmetic Sequence 
=2+(9)2 to find the 10th term. 
=2+ 18 = 20 


s ® Use the Formula for the Sum of 
oa 5a + a,) n Terms of an Arithmetic Series. 
10 n= 10,4, = 2,4, = 20 
Sip = 5 2 + 20) = 5(22) = 110 
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Problem 4 
Solution 
“ Example 5 


Solution 


Problem 5 


Solution 





Example 6 


Strategy 


Solution 


Application problems 


Find the sum of the first 25 terms of the arithmetic sequence —4, 
AO Rly Are oe 


See page S37. 


25 
Find the sum of the arithmetic series >) (3n + 1). 
n=1 
a,=3n+1 
a,=3(1)+1=4 
aos = 3(25) + 1 = 76 


® Find the first term. 
® Find the 25th term. 


S,= 5: + A,) » Use the Formula for the Sum of # Terms of 


Sos = = (4 + 76) 


25 
= 1100) 
= 1000 


18 


Find the sum of the arithmetic series >) (3n — 2). 


n=1 


See page S37. 





The distance a ball rolls down a ramp each second is given by an 
arithmetic sequence. The distance in feet traveled by the ball 
during the nth second is given by 2n — 1. Find the distance the 
ball will travel during the first 10 s. 


To find the distance: 

wé Find the first and second terms of the sequence. 

«# Find the common difference of the arithmetic sequence. 

#® Find the tenth term of the sequence. 

me Use the Formula for the Sum of n Terms of an Arithmetic 
Series to find the sum of the first ten terms. 


a, =2n—-1 
a,=2(1) -1=1 
a, = 2(2) -1=3 


d=a—-a,=3-1=2 


a, =a,+(n—-1)d 
Qa = 1+ (10 — 1)2=1+ (9)2 =19 


Si = (1 + 19) = 5(20) = 100 


The ball will roll 100 ft during the first 10 s. 
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Problem 6 A contest offers 20 prizes. The first prize is $10,000, and each suc- 
cessive prize is $300 less than the preceding prize. What is the 
_ value of the 20th-place prize? What is the total amount of prize 

money that is being awarded? 


Solution See page $37. 








State whether the following statements are always true, sometimes true, or never 
true. 


1. The sum of the successive terms of an arithmetic series increases in value. 


2. Each successive term in an arithmetic sequence is found by adding a fixed 
number. 


3. The first term of an arithmetic sequence is a positive number. 


4. The nth term of an arithmetic sequence is found by using the formula 
a, =a, + (n — 1)d. 





2. # Explain how to find the common difference for an arithmetic sequence. 


Find the indicated term of the arithmetic sequence. 


3. le le 2A sleep ays 4. 3, 8, 13; eee 74 5. OF ae De eee 745 
6. =e = 4, By, oe Ay Te 3, ie Lit Ais 8. ilo OF Lys bn 
one 13 : 5 : 

9. 47 0, Gre An 10. gig Aa 11. 2,573, +++ 7 Aa 
A ee ay 13. 6,5.75,5.50,..:; a4 1a 4 3°73 re 


Find the formula for the nth term of the arithmetic sequence. 


15. 1,2,3,-.. 1601/4777. 17) 68 
he 
18. 3, 0, oP ee 19. 2, 2 5 waite 20. If, 4.5, De ete 


Pt ogee 22. 17,30, 43,... 930096, 16, Ga 
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Find the number of terms in the finite arithmetic sequence. 


49. 


50. 


DI. 


52. 


53. 


DA el A, do 25 we /dgs LOee Say ail 26. 
15 61 
ais = ; ae OL 29. 

27. 373/97 ies 28.0 Lorena oO 

S02, U2) 00 317 lee oh eee OZ. 
7 13 19 79 
See — Perse 35. 

OB. Wai gg 189g 34°: 1,0:75,0:50,..., —4 

Find the sum of the indicated number of terms of the arithmetic sequence. 

S606 1, 370, e675 1 = 50 37. 2,74, 6; can = 25 38. 

ees S 

39.2225,20,.15,..2-n = 22 40. > 1,5,- jn = 27 41. 

Find the sum of the arithmetic series. 
15 15 

42. > (3i — 1) 43. > (Bi +4) 44, 
i=1 i=1 
10 15 

45. > (1 — 4n) 46. >(4 — 2i) 47. 
n=1 il 


Physics The distance that an object dropped from a cliff will fall is 16 ft the 
first second, 48 ft the next second, 80 ft the third second, and so on in an arith- 
metic sequence. What is the total distance the object will fall in 6 s? 


Health Science An exercise program calls for walking 12 min each day for 
a week. Each week thereafter, the amount of time spent walking increases 
by 6 min per day. In how many weeks will a person be walking 60 min 
each day? 


Business A display of cans in a grocery store consists of 20 cans in the bot- 
tom row, 18 cans in the next row, and so on in an arithmetic sequence. The 
top row has 4 cans. Find the total number of cans in the display. 


Construction A theater in the round has 52 seats in the first row, 58 seats in 
the second row, 64 seats in the third row, and so on in an arithmetic sequence. 
Find the total number of seats in the theater if there are 20 rows of seats. 


Construction The loge seating section in a concert hall consists of 26 rows 
of chairs. There are 65 seats in the first row, 71 seats in the second row, 77 seats 
in the third row, and so on in an arithmetic sequence. How many seats are in 
the loge seating section? 


Human Resources The salary schedule for an engineering assistant is $1800 
for the first month and a $150-per month salary increase for the next 
9 months. Find the monthly salary during the tenth month. Find the total 
salary for the 10-month period. 


oe 
DY Die eee ee 
3, 8/13) 28 
5 7: 

Spargece AO 


Bi Dyctpj Uday rgd 


20718716, # = 40 


ER7. 


2 4? 2’ 


ween =10 


17 


a 


n=1 


S6-m 


1 
(tn +1 
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Sports The International Amateur Athletic Federation (IAAF) finish line 
~ specifies the design of tracks on which world records can be set. 
A typical design is shaped like a rectangle with semicircles on 
either end, as shown at the right. There are eight lanes, and each lane 
is 1.22 m wide. The distance around the track for each lane is meas- 
ured from the center of that lane. Find a formula for the sequence of 
radii. Round to the nearest hundredth. 





55. 


¢ Sports Using the information in the preceding exercise, write a 

* formula for the sequence of distances around the track for each 
lane. Round to the nearest hundredth and use 3.14 as an approximation for 
m. Remember that the distance around the circular portion of the track is 
measured from the center of the lane. Explain why the IAAF staggers the 
starting position for runners in a 400-meter race. 





APPLYING CONCEPTS 13.2 





Solve. 


56. Find the sum of the first 50 positive integers. 


57. How many terms of the arithmetic sequence —3, 2, 7,... must be added to- 
gether for the sum of the series to be 116? 


58. Given a, = —9,4a, = 21, and S,, = 36, find d and n. 


59. The fourth term of an arithmetic sequence is 9, and the ninth term is 29. Find 
the first term. 


60. Show that f(n) = mn + b,n a natural number, is an arithmetic sequence. 


61. Geaimetry The sum of the interior angles of a triangle is 180°. The sum is 
360° for a quadrilateral and 540° for a pentagon. Assuming that this pattern 
continues, find the sum of the angles of a dodecagon (12-sided figure). Find 
a formula for the sum of the angles of an n-sided polygon. 


2 
62. Write > log 2i as a single logarithm with a coefficient of 1. 
i=1 
63. Write a formula for the nth term of the sequence of natural numbers that are 
multiples of 3. 


~ Business Straight-line depreciation is used by some companies to de- 
~ termine the value of an asset. A model for this depreciation method is 
a, = V — dn, where a, is the value of the asset after n years, V is the original 
value of the asset, d is the annual decrease in the asset’s value, and n is the 
number of years. Suppose that an asset has an original value of $20,000 and 
that the annual decrease in value is $3000. 


a. Substitute the values of V and d into the equation, and write an expression 
for 4,,. 


64. 
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b. Show that a, is an arithmetic sequence. 


65. /% Write an essay on the Fibonacci sequence and its relationship to natural 


#¥ phenomena. 





webs. ke) IN 








13.3 
Geometric Sequences and Series 





Find the nth term of a geometric sequence 


An ore sample contains 20 mg of a radioactive material with a half-life of 1 week. 
The amount of the radioactive material that the sample contains at the beginning 
of each week can be determined by using an exponential decay equation. 


The sequence below represents the amount in the sample at the beginning of 
each week. Each term of the sequence is found by multiplying the preceding term 


1 
Week Lee 4 5 
Amount 14209 slOM) Sane. Oats 1225 
The sequence 20, 10, 5, 2.5, 1.25 is called a geometric sequence. A geometric se- 
quence, or geometric progression, is one in which each successive term of the se- 


quence is the same nonzero constant multiple of the preceding term. The common 
multiple is called the common ratio of the sequence. 


Each of the sequences shown below is a geometric sequence. To find the common 
ratio of a geometric sequence, divide the second term of the sequence by the 
first term. 


3,6, 12, 24, 48, ... Common ratio: 2 
Ay 12 36, OS 324, 22s Common ratio: —3 
6,4 Bdge 24 Common ratio: a 


Taig Ving 3 


Consider a geometric sequence in which the first term is a, and the common ratio 
is r. Multiplying each successive term of the geometric sequence by the common 
ratio yields a formula for the nth term. 


The first term is a,. a, =a, 


To find the second term, multiply the first term by the a = ar 
common ratio r. 


To find the third term, multiply the second term by the a; = (a,)r = (ayr)r 


common ratio r. a, = ar? 

To find the fourth term, multiply the third term by the a, = (a;)r = (a,r’)r 
common ratio r. a,=ayr° 

Note the relationship between the term number and the a, = ar" 


number that is the exponent on r. The exponent on r is 
1 less than the term number. 
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The Formula for the nth Term of a Geometric Sequence 





~ Example 1 Find the 6th term of the geometric sequence 3, 6, 12,.... 
Solution r,=—7=-= » Find the common ratio. 


a, = ar" » Use the Fornvula for the nth Term of a Geometric 
a, = 3(2)°? Sequence. 1 = 6,4, = 3,r = 2 

= oe) 

= 3(32) 

= 716 


Problem 1 Find the 5th term of the geometric sequence, 5, 2, =, ata 
» Solution See page S37. 


~ Example 2 Find a, for the geometric sequence 8, a, 43, 27,.... 


Solution a, =a,r"? 


a,=a,r* » Find the common ratio. 4, = 27.4, = 8,1=4 
2) Ohaus 
2s 
ie 
3 = 
2 ae 
3\3-1 
a, = a(2) » Use the Formula for the nth Term of a Geometric 
a2 Sequence. 
~ 3(3) 


Problem 2 Find a, for the geometric sequence 3, a), a,, —192,... 


«« Solution See page S37. 





Finite geometric series 


The indicated sum of the terms of a geometric sequence is called a geometric 
series. The sum of a geometric series can be found by a formula. 


The Formula for the Sum of » Terms of a Finite Geometric Series 
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Proof of the Formula for the Sum of n Terms of a Finite Geometric Series: 


Let S,, represent the sum of Sy, 


a bar + ar bay ee ay 


n terms of the sequence. 


Multiply each side of the 1S. = at + at? + aye? a A ae 
equation by r. 

Subtract the two equa- S, — 1S, =@, — ar" 

tions. 


Assuming that r # 1, solve (i —7ns, =a —7r*) 


for'S,, 


Example 3 


Solution 


Problem 3 


bs Solution 


Example 4 


Solution 


a,(1 — r”) 


Sn = il =F 


Find the sum of the geometric sequence 2, 8, 32, 128, 512. 








r= = = : =4  »p Find the common ratic. 
Aad fae) oe ‘ pe Pane 
S,= ae » Use the Formula for the Sum of # Terms of a Finite 
Geometric Series. 2 = 5,4, = 2,7 = 4. 
_ 20 - 4) 
Peer 
__ 2(1 — 1024) 
ee 
__ 2(—1023) 
—  =3 
_ = 2046 
a) 
= 682 
: . ll it 
Find the sum of the geometric sequence 1, “avigude tone 


See page S38. 


10 
Find the sum of the geometric series >) (—20)(—2)""1. 
n=1 
a, = (—20)(—2)"" 
a, = (—20)(—2)'? » Find the first term. 
= (-20)(—2) 
= (—20)(1) = —20 
a, = (—20)(—2)? 7 » Find the second term. 
= (-20)(—2) 
= (—20)(—2) = 40 


_& 40 = 
: oat —2 ® Find the common ratio 
1 
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a,(1 — a) é 
S, = Pa ae ® Use the Formula for the Sum of # Terms 
~20f1 — (—2)} of a Finite Geometric Series. = 10, 
Sip = A Te a= —~20 7s: —2 
__ =20(1 — 1024) 
a 3 
__ —20(-1023) 
Soe 
__ 20,460 
aS 


= 6820 


5 n 
Problem 4 Find the sum of the geometric series >} (3) : 


n=1 


Solution See page S38. 





Infinite geometric series 


When the absolute value of the common ratio of a geometric sequence is less than 
1, |r| < 1, then as n becomes larger, r” becomes closer to zero. 


Mg Te Te pce 


Examples of geometric sequences for which uy, 3) 9) 077 81 54a" 

|r| < 1 are shown at the right. As the num- 

ber of terms increases, the absolute value of 1 inke Ys. 30a ee te 
the last term listed gets closer to zero. Sek B18 167 Oe 


The indicated sum of the terms of an infinite geometric sequence is called an infi- 
nite geometric series. 


wah enak : ae 1 1 i 1 1 
An example of an infinite geometric series is lia Tm hog. a a ee 
shown at the right. The first term is 1. The 
Cea! 
common ratio 1s 3° 
The sum of the first 5, 7, 12, and 15 terms, n So fo 


along with the values of r”, are shown at the 
right. Note that as n increases, the sum of 
the terms gets closer to 1.5, and the value of 
r” gets closer to zero. 


5 1.4938272 0.0041152 
7 1.4993141 0.0004572 
12 1.4999972 0.0000019 
15 1.4999999 0.0000001 


Using the Formula for the Sum of n Terms of a Geometric Series and the fact that 
r” approaches zero when |r| < 1 and n increases, a formula for an infinite geomet- 
ric series can be found. 


The sum of the first n terms of a geometric series is Approximately 
shown at the right. If |r| < 1, then r” can be made zero 
very close to zero by using larger and larger values S, = eae) 


of n. Therefore, the sum of the first n terms is ap- a - 
penal 
proximately — Sn Te aay 
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The Formula for the Sum of an Infinite Geometric Series 





When |r| = 1, the infinite geometric series does not have a finite sum. For ex- 
ample, the sum of the infinite geometric series 1 + 2 + 4 + 8 + --: increases with- 


out limit. 
re : 2 Ete ke ‘ Le 1 
~ Example 5 Find the sum of the infinite geometric sequence 1, aan gree 
: a, 1 we Se LD ae 
Solution S = ra C7 ae pm The common ratio is -~ ne ee 1, Use 
1- -) the Formula for the Sum of an Infinite Geo- 


metric Series. 


EONS 


Problem 5 Find the sum of the infinite geometric sequence 3, —2, 4) re 


« Solution See page S32. 


The sum of an infinite geometric series can be used. to find a fraction that is equiva- 
lent to a nonterminating repeating decimal. 


The repeating decimal shown at the right 0.3 = 0.3 + 0.03 + 0.003 + - 


has been rewritten as an infinite geometric 3 3 3 
=—+— + +o 
: 2 é 3 2 10 100 1000 

series, with first term a0 and common ratio 
Le 
10° 3 3 

. a 10 10 3 1 
Use the Formula for the Sum of an Infinite Sa ome 
Geometric Series. a Ser io 


3 is equivalent to the nonterminating, repeating decimal 0.3. 


oe Example 6 Find an equivalent fraction for 0.12. 


Solution Write the decimal as an infinite geometric series. The geometric 
series does not begin with the first term. The series begins with 


DZ yl 
100° The common ratio is 70° 


0.12 = 0.1 + 0.02 + 0.002 + 0.0002 + --- 


‘1 2 2 2 
= 0 + too + tooo * 10,0007 
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eer 
a 100 100 2 2 : 
S= 1-r. 1 9.99 ™ Use the Formula for the Sum of 
Le io” 40 an Infinite Geometric Series. 
(= id = to the sanol ieee 
: io’. 00 80 » Add 79 (© the sum of the series, 
see : eee 
An equivalent fraction is 30 
Problem 6 Find an equivalent fraction for 0.36. 
Solution See page S32. 


Application problems 


™ Example 7 


Strategy 


Solution 


Problem 7 


Ss Solution 








On the first swing, the length of the arc through which a pendu- 
lum swings is 16 in. The length of each successive swing is : of 


the preceding swing. Find the length of the arc on the fifth 
swing. Round to the nearest tenth. 


To find the length of the arc on the fifth swing, use the Formula 


;. Te 
for the nth Term of a Geometric Sequence. n = 5,a, = 16,r = 5 


n-1 


a, = ar 
SST 4 
a5 = 16(2) = 16(2) = 16( 22) = Set ~ 94 





8 4096 4096 
The length of the arc on the fifth swing is 9.4 in. 


You start a chain letter and send it to three friends. Each of the 
three friends sends the letter to three other friends, and the se- 
quence is repeated. If no one breaks the chain, how many letters 
will have been mailed from the first through the sixth mailings? 


See page S32. 


CONCEPT REVIEW 13.3 


Determine whether the following statements are always true, sometimes true, or 
never true. 


1. Each successive term of a geometric sequence is found by multiplying the 
preceding term by a nonzero constant. 


2. The sum of an infinite geometric series is infinity. 


3. The sum of a geometric series increases in value as more terms are added. 
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Boi 807 nek 2.dS-a geometric sequence. 
5 WIEN 26 RY V i. cisa geometric sequence. 






SQ 


2 7 Explain how to find the common ratio for a geometric sequence. 


Find the indicated term of the geometric sequence. 


Dae Oona > As 4. 4, 3,2, ...50s 

6. —5,15, —45,...3a, 7 aalei\/ 2 2 as 
Find a, and a, for the geometric sequence. 

SOF ayes, , Le 10. 8,@,,.a;, =, es 
U2 Os, Bg; — 48,00; 13. —3,4,93; 192>.:. 





Find the sum of the indicated number of terms of the geometric sequence. 





TS... 2, 6, 18, 2. 3:9 37, 16.2 —4) 12, —36,....39n = 7 
27 

Peto sO 18.13) 3-276; ... 3 = 12 
Find the sum of the geometric series. 

5 6 n 5 i 6 

i 3 1 

co 3) $0 

> ( ) 20 = ; 21 2 : 22: 2 

5 : 8 4 ; 5 
2370) (4) 24. > Gy 25 SA7y. 2. >» 

ia n=1 i=1 n=1 

5 i 3 n 4 i 

3 7 BN: e 

OT. > (2) 28.0...) (7) 29. 2 (2) 30: 

t=1 n=1 i=1 n=1 
Find the sum of the infinite geometric series. 

ate ie Se : 
31. ae 32. 2 ere 33. 6 ee tre 
1 nie 7 ZL 5 D 5 
A aaa saan — + — + + — > 

: 706 1000 ye e2 30 a 100 & 1000 tnt zc: 100 f 10,000 1,000,000 


1. # How does a geometric sequence differ from any other type of sequence? 


8 
by (ep Br: 
$5 313V 3,9, 


8 
11. 3, A>, az, 9! eee 


14. 5,4,, a3, 625, .. 


Sans 
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Find an equivalent fraction for the repeating decimal. 


37. 


41. 





46. 


47. 


48. 


49. 


50. 


51. 


0.888 38. 0.555 39. 0.222 


0.4545 42. 0.1818 43. 0.1666 


Art The fabric designer Jhane Barnes created a fabric pattern based on the 
Sierpinski triangle. This triangle is a fractal, which is a geometric pattern that 
is repeated at ever smaller scales to produce irregular shapes. The first four 
stages in the construction of a Sierpinski triangle are shown at the right. The 
initial triangle is an equilateral triangle with sides 1 unit long. The cut-out tri- 
angles are formed by connecting the midpoints of the sides of the unshaded 
triangles. This pattern is repeated indefinitely. Find a formula for the nth 
term of the number of unshaded triangles. 


Art A Sierpinski carpet is similar to a Sierpinski triangle (see 
Exercise 45) except that all of the unshaded squares must be di- 
vided into nine congruent smaller squares with the one in the 
center shaded. The first three stages of the pattern are shown at 
the right. Find a formula for the nth term of the number of un- 
shaded squares. 


Physics A laboratory ore sample contains 500 mg of a radioactive material 
with a half-life of 1 day. Find the amount of radioactive material in the sam- 
ple at the beginning of the seventh day. 


Recreation On the first swing, the length of the arc through which a pen- 
dulum swings is 18 in. The length of each successive swing is - of the pre- 


ceding swing. What is the total distance the pendulum has traveled during 
the first five swings? Round to the nearest tenth. 


Sports To test the bounce of a tennis ball, the ball is dropped from a height 
of 8 ft. The ball bounces to 80% of its previous height with each bounce. How 
high does the ball bounce on the fifth bounce? Round to the nearest tenth. 


Physics The temperature of a hot water spa is 75°F. Each hour, the temper- 
ature is 10% higher than during the previous hour. Find the temperature of 
the spa after 3 h. Round to the nearest tenth. 


Real Estate A real estate broker estimates that a piece of land will increase 
in value at a rate of 12% each year. If the original value of the land is $15,000, 
what will be its value in 15 years? 


40. 0.999 


44. 0.8333 





716 Chapter 13 / Sequences and Series 


52. Business Suppose an employee receives a wage of 1¢ the first day of work, 
2¢ the second day, 4¢ the third day, and so on in a geometric sequence. Find 
the total amount of money earned for working 30 days. 


53. Real Estate Assume the average value of a home increases 5% per year. 
How much would a house costing $100,000 be worth in 30 years? 


54. Biology Aculture of bacteria doubles every 2 h. If there are 500 bacteria at 
the beginning, how many bacteria will there be after 24 h? 


APPLYING CONCEPTS 13.3 





State whether the sequence is arithmetic (A), geometric (G), or neither (N), and 
write the next term in the sequence. 


Board, Weis 56. 8,058) 7..; 

D700, (O, «5s BSe i Va oy 

59. 1,4,9,16,... 60. V1, V2, V3, V4 
61x vo en. 625° 5a 358 Go 

63. log x,2log x,3 log x,... 64. log x,3 log x,9 log x,... 
Solve. 


. : : odes. 
65. The third term of a geometric sequence is 3, and the sixth term is 9: Find the 
first term. 


66. Given a, = 162, r = —3, and S,, = 122 for a geometric sequence, find a, and 
n. 


67. For the geometric sequence given by a, = 2", show that the sequence 
b, = log a, is an arithmetic sequence. 


68. For the geometric sequence given by a, =e", show that the sequence 
b, = Ina, is an arithmetic sequence. 


69. For the arithmetic sequence given by a,, = 3n — 2, show that the sequence 
b,, = 2’ is a geometric sequence. 


70. For f(n) = ab",n a natural number, show that f(n) is a geometric sequence. 


71. Finance A car loan is normally structured so that each month, part of the 
payment reduces the loan amount and the remainder of the payment pays 
interest on the loan. You pay interest only on the loan amount that remains 
to be paid (the unpaid balance). If you have a car loan of $5000 at an annual 
interest rate of 9%, your monthly payment for a 5-year loan is $103.79. The 
amount of the loan repaid, R,,, in the nth payment of the loan is a geometric 


72. 


73. 


74, 
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sequence given by R, = R,(1.0075)""". For the situation described above, 
R, = 66.29. 


a. How much of the loan is repaid in the 27th payment? 


b. The total amount, T, of the loan repaid after n payments is the sum of a 


geometric sequence, T = >) R,(1.0075)‘"1. Find the total amount repaid 
k=1 


after 20 payments. 
c. Determine the unpaid balance on the loan after 20 payments. 





Stock Market A number of factors influence the price of a share of 
“stock on the stock market. One of the factors is the growth of the divi- 
dend that is paid on each share of stock. One model to predict the value of a 
share of stock whose dividend grows at a constant rate is the Gordon Model, 
after Myron J. Gordon. According to this model, the value of a share of stock 
that pays a dividend, D, and has an expected growth rate of g percent per 
ibsey fi 
arte 

k is a constant greater than g and is the investor’s desired rate of return. 
a. Why must k be greater than g? 


b. According to this model, what is the value of a stock that has a dividend 
of $2.25, that has an expected growth rate of 5%, and for which k = 0.10? 





year, is the sum of an infinite geometric series given by >) D , Where 
n=0 


{Z Write an essay on the Lucas sequence. Include a description of its rela- 
* tionship to the Fibonacci sequence. 


{ One of Zeno’s paradoxes can be described as follows: A tortoise and 
* a hare are going to race on a 200-meter course. Because the hare can run 
10 times faster than the tortoise, the tortoise is given a 100-meter head start. 
The gun sounds to start the race. Zeno reasoned, “By the time the hare 
reaches the starting point of the tortoise, the tortoise will be 10 m ahead of 
the hare. When the hare covers those 10 m, the tortoise will be 1 m ahead. 
When the hare covers the 1 m, the tortoise will be 0.1 m ahead, and so on. 
Therefore, the hare can never catch the tortoise!” Explain what this paradox 
has to do with a geometric sequence. 





SF Ci Tok oon: -BA4 


Binomial Expansions 





Expand (a + b)” 


717 





By carefully observing the expansion of the binomial (a + b)" shown below, it is 


possible to identify some interesting patterns. 
(a+ b)'=a+b 


(a + b?? =a? + 2ab+ b 
(a + b)® =a? + 3a’b + 3ab? + bP 


(a + b)* = a* + 4a°b + 6a7b? + 4ab® + b’ 
(a + by? =a? + 5a*b + 10a°b? + 10a7b? + 5ab* + b° 
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PATTERNS FOR THE VARIABLE PART 

1. The first term is a". The exponent on a decreases by 1 for each successive term. 
2. The exponent on b increases by 1 for each successive term. The last term is b”. 
3. The degree of each term is n. 


~ Write the variable parts of the terms of the expansion of (a + b)°. 


The first term is a°. For each successive term, 
the exponent on a decreases by 1, and the ex- nab ah wire bs abo 
ponent on b increases by 1. The last term is b°. 





The variable parts of the general expansion of (a + b)" are 
A” Ab at Abe OS Sa sab Pat 


A pattern for the coefficients of the terms of the expanded binomial can be found 
by writing the coefficients in a triangular array known as Pascal’s Triangle. 


Each row begins and ends For (a + b)’: 1 1 

with the number 1. Any 2, 

other number in a row is the Bean. i ; : 

sum of the two closest num- For (a + b)?: 1 3 3 1 
bers a it. For example, Fare 4ab\e 1 4 6 4 1 
4+6= 10. Sor 


For (a + by: 1 5 10 10 5 1 
~~ Write the sixth row of Pascal’s Triangle. 

To write the sixth row, first write 1 5 10 10 5 1 
the numbers of the fifth row. The i a x a on ks ae 
first and last numbers of the sixth : : de : ; 
row are 1. Each of the other num- 
bers of the sixth row can be ob- 
tained by finding the sum of the 


two closest numbers above it in the 
fifth row. 


These numbers will be the coefficients of the terms of the expansion of (a + b)°. 





Using the numbers of the sixth row of Pascal’s Triangle for the coefficients, and 
using the pattern for the variable part of each term, we can write the expanded 
form of (a + b)° as follows: 


(a + b)® =a® + 6a°b + 15a*b? + 20a°b? + 15a2b* + 6ab> + bo 


Although Pascal’s Triangle can be used to find the coefficients for the expanded 
form of the power of any binomial, this method is inconvenient when the power 
of the binomial is large. An alternative method for determining these coefficients 
is based on the concept of factorial. 


n Factorial 
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1!, 5!, and 7! are shown at the right. =i 
515) 45-1 3 2 1 196 
71=7-6°5-4-°-3-2-1 = 5040 


~ Example 1 Evaluate: ee 


4!3! 
7! [OT ORTA CIO al 
Soluti a ee Isite each factorial as a product 
olution 4131 493-2 D@-2-1 ® Write each factorial as a product. 
= 135 » Simplify. 
12! 
Problem 1 Evaluate: [= 


Solution See page S32. 


The coefficients in a binomial expansion can be given in terms of factorials. Note 
that in the expansion of (a + b)’ shown below, the coefficient of a?b° can be given 


by ar The numerator is the factorial of the power of the binomial. The denomi- 
nator is the product of the factorials of the exponents on a and b. 
(a + b)? = a° + 5a*b + 10a°b? + 16a7b? + 5ab* + BS 


Sl 5453-21 
213! (2+ 1)(3-2-1) 


=H0 
In general, the epeticents of (a + b)” are given as the quotients of factorials. The 
coefficient of a" "Bb" is oe. The symbol {” is used to express this quotient of 


3 £ 
factorials. 

:) 2. n! 

r}) (n—nir! 


* Example 2 Evaluate: (?) 


5 8! » Write the quotient of 


Solution (: ~ (g—5)I5! the factorials. 


SU 8) 2747 Ol Oa eed 2 ool 


35) GB 2eG 463 261). 56 » Simplify. 


Problem 2 Evaluate: (7) 


«Solution See page S32. 


Using factorials and the pattern for the variable part of each term, we can write a 
formula for any natural-number power of a binomial. 
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The Binomial Expansion Formula 





The Binomial Expansion Formula is used below to expand (a + by’. 


(a + by 


rez 7 7 7 a 7\ cove? [TN eee ae 
= (4 + ("Jase = (7 ase + (7 ares + (7) bt + (?)a bo + (”)ab + (7) 


=@ + 7aob + Qa? + 35e4h? + 35a°b* + 21a7b? + Fab? + b’ 


~ Example 3 Write (4x + 3y)° in expanded form. 


Solution (4x + 3y)? = (2)ax? Zs (?)ay2@y a (2)ancy? if (2)couy 


= 1(64x°) + 3(16x7)(3y) + 3(4x)(9y”) + 1(27y?) 
= 640° + 144x*y + 108xy? + 27y° 


Problem 3 Write (8m — n)* in expanded form. 
« Solution See page S32. 


Example 4 Find the first three terms in the expansion of (x + 3)”. 


Solution (x ate aye = (15) ae (8) e4@) ze (8) x6) + «-- 
= 1x + 15x“(3) + 105x%(9) + --- 
=x + 45x + 94575 + «.- 


Problem 4 Find the first three terms in the expansion of (y — 2). 
~« Solution See page S32. 


The Binomial Theorem can also be used to write any term of a binomial expansion. 


Note below that in the expansion of (a + b)°, the exponent on b is 1 less than the 
term number. 


(a + b)? =a° + 5a*b + 10a°b? + 10a2b? + 5ab4 + BS 


The Formula for the rth Term in a Binomial Expansion 


SSeS SS SS 
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~ Example 5 Find the 4th term in the expansion of (x + 3)’. 


Solunon ( n Jar +1pr-1 » Use the Formula for the rth Term 


r-1 in a Binomial Expansion. 


“ ek ot ene re n= Pax, b= 3 
eee ert = (6) 


= 35x*(27) 
= 945x‘ 


Problem 5 Find the 3rd term in the expansion of (f — 2s)’. 


« Solution See page S33. 





CONCEPT REVIEW 13.4 





Determine whether the following statements are always true, sometimes true, or 
never true. 


1. O!-4!=0 
4! 
2 oF is undefined. 
3. Inthe expansion (a + b)*, the exponent on a for the fifth term is 5. 
4. By definition, n! is the sum of the first n positive numbers. 


5. There are n terms in the expansion of (a + b)". 


6. The sum of the exponents in each term of the expansion of (a + b)" is n. 





2. #  Whatisa purpose of the Binomial Expansion Formula? 


Evaluate. 

3. <a! 4 A! 5. 8! 6. 9! 70! 8. 1! 
5! 8! ols 101 eae 20! 
213! 10. 5131 EE ator 12. too 13. a1 14. 81 

Evaluate. 

7 10 9 a 

15. (’) 16. (*) 172 () 18. @) 19. 20 


Pa a 
NO Ff Oo OO 
Ny, 


» () 


24. Gs 25. 


EE 
NN D © 
Se 
eS 

— 
i 
Saar 


21. (‘) ba 
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Write in expanded form. 


27s Ae)" 
29. (x.y): 
31. (2m + Te 
33. (2r — 3) 
Find the first three terms in the expansion. 
35. (a+b) 
87. (a= b)" 
39, (2x + y)° 
41. (4x — 3y)° 
7 

43. (x oe 4 

a 
45. (x? + 3) 
Find the indicated term in the expansion. 
47. (2x — 1)’; 4th term 
49, (x? — y’)®; 2nd term 
51. (y — 1)’; 5th term 

1 5 
53. (x =F y ; 2nd term 


5 
55. : te 2) ; Ist term 


APPLYING CONCEPTS 13.4 





Solve. 


57. Write the seventh row of Pascal’s Triangle. 


- : ! 
59. Simplify =a ° 


28. 


30. 


32. 


34. 


36. 


38. 


40. 


42. 


46. 


48. 


50. 


52; 


54. 


56. 


58. 


60. 


(as 
(y= 3) 
(2x + 3y) 


(x + 3y)* 


(a + b) 
(a — b)? 
(x + 3y)’ 


(2x — 5)’ 
(x? — 2) 


(x + 4)°; 3rd term 

(x* + y’)’; 6th term 

(x — 2)°; 8th term 
1 6 

(x + , ; 3rd term 


2 6 
(y = 3 ; 3rd term 


Evaluate a for n = 50. 


Write the term that contains an x* in the expan- 
sion of (x + a)’. 
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Expand the binomial. 
61. (x? + 2)' 62. (x? +y) 63. (1 + i)° 
64. For0 <r <n, show that (") = ( : ) 

Lg n—~T; 


65. Forn = 1, evaluate ee 
A mathematical theorem is used to expand (a + b + c)*. According to this theo- 
oe TER nT r fs n! 
rem, the coefficient of a’b*c in the expansion of (a + b + c)"is WG =o ne 
66. Use the mathematical theorem to find the coefficient of a?b°c in the expansion 
of @+b+c)*®. 


67. Use the mathematical theorem to find the coefficient of a*b?c® in the expan- 
sion of (a + b + c)’. 


68. // Write a summary of the history of the development of Pascal’s Triangle. 
Include some of the properties of the triangle. 





ocus on Problem Solving 


Forming Negations 


Problem solving sometimes requires that you be able to form the negation of a 
statement. If a statement is true, its negation must be false. If a statement is false, 
its negation must be true. For instance, 


“Mark McGwire broke Babe Ruth’s single-season home run record” is a 
true sentence. Accordingly, the sentence “Mark McGwire did not break 
Babe Ruth’s home run record” is false. 


“Dogs have twelve paws” is a false sentence, so the sentence “Dogs do 
not have twelve paws” is a true sentence. 


To form the negation of a statement requires a precise understanding of the state- 
ment being negated. Here are some phrases that demand special attention. 


Statement 













At least seven Greater than or equal to seven 
More than seven More than seven (does not include 7) 
At most seven Less than or equal to seven 


Less than (or fewer than) seven | Less than seven (does not include 7) 


Consider the sentence “At least 3 people scored over 90 on the last test.” The nega- 
tion of that sentence is “Fewer than 3 people scored over 90 on the last test.” 


For each of the following, write the negation of the given sentence. 


1. There was at least one error on the test. 
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2. The temperature was less than 30 degrees. 
3. The mountain is more than 5000 feet tall. 
4, There are at most 5 vacancies for a field trip to New York. 


When the word all, no (or none), or some occurs in a sentence, forming the negation 
requires careful thought. Consider the sentence “All roads are paved with ce- 
ment.” This sentence is not true because there are some roads — dirt roads, for ex- 
ample— that are not paved with cement. Because the sentence is false, its negation 
must be true. You might be tempted to write “All roads are not paved with ce- 
ment” as the negation, but that sentence is not true because some roads are paved 
with cement. The correct negation is “Some roads are not paved with cement.” 


Now consider the sentence “Some fish live in aquariums.” Because this sentence 
is true, the negation must be false. Writing “Some fish do not live in aquariums” 
as the negation is not correct because that sentence is true. The correct negation is 
“All fish do not live in aquariums.” 


The sentence “No houses have basements” is false because there is at least one 
house with a basement. Because this sentence is false, its negation must be true. 
The negation is “Some houses do have basements.” 


Statement 








Negation 





All A are B. Some A are not B. 
No A are B. Some A are B. 
Some A are B. All A are not B. 
Some A are not B. | All A are B. 


Write the negation of each sentence. 


. All trees are tall. 

. All cats chase mice. 

. Some flowers have red blooms. 

- No golfers like tennis. 

. Some students do not like math. 
10. No honest people are politicians. 


eo ON HD VI 


11. All cars have power steering. 
12. Some televisions are black and white. 


ojects and Group Activities 





ISBN and UPC Numbers 


Every book that is cataloged for the Library of Congress must have an ISBN (In- 
ternational Standard Book Number). An ISBN is a 10-digit number of the form 
Q,-A70304-AsAgA7Ago-C. For instance, the ISBN for the Windows version of the CD- 
ROM containing the American Heritage Children’s Dictionary is 0-395-73580-7. The 
first number, 0, indicates that the book is written in English. The next three num- 
bers, 395, indicate the publisher (Houghton Mifflin Company). The next five num- 
bers, 73580, identify the book (American Heritage Children’s Dictionary), and the last 
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digit, c, is called a check digit. This digit is chosen such that the following sum is 
divisible by 11. 


a,(10) + a3(9) + a,(8) + a,(7) + as(6) + a,(5) + a,(4) + a,(3) + a(2) + ¢ 
For the American Heritage Children’s Dictionary, 


0(10) + 3(9) + 9(8) + 5(7) + 7(6) + 3(5) + 5(4) + 8(3) + 0(2) +c 
= 235+ ¢ 


The last digit of the ISBN is chosen as 7 because 235 + 7 = 242 and 242 + 11 = 22. 
The value of c could be any number from 0 to 10. The number 10 is coded as an X. 


One purpose of the ISBN method of coding books is to ensure that orders placed 
for books are accurately filled. For instance, suppose a clerk sends an order for the 
American Heritage Children’s Dictionary and inadvertently enters the number 0-395- 
75380-7 (the 3 and 5 have been transposed). Now 


0(10) + 3(9) + 9(8) + 5(7) + 7(6) + 5(5) + 3(4) + 8(3) + 0(2) + 7 = 244 
and 244 is not divisible by 11. Thus an error in the ISBN has been made. 


1. Determine the check digit for the book Reader’s Digest Book of Facts. The first 
nine digits of the ISBN are 0-895-77692-? 


2. Is 0-395-12370-4 a possible ISBN? 


The UPC (Universal Product Code) is another coding scheme. This number is par- 
ticularly useful in grocery stores. A checkout clerk passes the number by a scan- 
ner that reads the number and records the price on the cash register. 


The UPC is a 12-digit number of the form @,-0,434,A5-A¢Q7AgQo4194,,-C. The last digit 
is the check digit and is chosen such that the following sum ends in zero. 


PS) tao) tig alo) ae a) 4 Ue + Og) oe Qik OO) 


The UPC for the Consumer Guide, 1997 Cars is 0-71162-00699-5. Using the expres- 
sion above, 


03) + 7+ 1G) +1+6@G) +2+ 0(3)+0+ 63) +9+96)+c 
= 85+ ¢C 


Because 85 + 5 = 90, which ends in zero, the check digit is 5. 


Unlike the ISBN, the UPC coding scheme does not detect all transpositions. If the 
6 and 1 are transposed for the Consumer Guide, 1997 Cars, then 


0G)-P 7-4 13) 6 13) + 2-406) +0 + 6(3) + 9 + 9(3) + 5. = 80 
The number still ends in zero, but the UPC is incorrect. 


3. Check the UPC code of a product in your home. 
4. Check the ISBN of the intermediate algebra text that you are now using. 


Finding the Proper Dosage 


The elimination of a drug from the body usually occurs at a rate that is propor- 
tional to the amount of the drug in the body. This relationship as a function of time 
can be given by the formula 


f(t) = Ae* 
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where k = =, A is the original dosage of the drug, and H is the time for one- 
half of the drug to be eliminated. 


The three graphs show one administration of a drug, repeated dosages in which 
the amount of drug in the body remains relatively constant, and dosages in which 
the amount of drug will increase with time. 


PNW SU 
PNW dU 





oO PNW dU 





N 
BSS 
a 
oo 
oO 
oO 


The amount of a drug in the body after n time periods is given by 
Ate Ae the sce Aen 

where n is the number of dosages and t is the time between doses. 

The amount of a drug in the body at time ¢ can be represented by 


SeAer(L te) 
1 — e# 


S 


Over a period of time, with continuing dosages at periods of time t, the amount S 
may increase, decrease, or reach an equilibrium state, as shown in the diagram at 
the left. 


To reach this equilibrium state, the original dosage A is reduced to some mainte- 
nance dosage M, given by the equation 


M = A(1 — e™) 
Solve. 


1. Cancer cells have been exposed to x-rays. The number of surviving cells de- 
pends on the strength of the x-rays applied. Find the strength of the x-rays (in 
roentgens) for 40% of the cancer cells to be destroyed. Use the equation 
A(r) = Aye °”’. 

2. Sodium pentobarbital is to be given to a patient for surgical anesthesia. The op- 
eration is assumed to last one-half hour, and the half-life of the sodium pento- 
barbital is 2 h. The amount of anesthesia in the patient’s system should not go 


below 500 mg. If only one dosage is to be given, find the initial dose of the 
sodium pentobarbital. 


3. One dose of a drug increases the blood level of the drug by 0.5 mg/ml. The 
half-life of the drug is 8 h, and the dose is given every 4 h. Find the concentra- 
tion of the drug just before the fourth dose. 


4. A dosage of 50 mg of medication every 2 h for 8 h will achieve a desired level 
of medication. 


a. Find the level of medication after 8 h if the half-life of the medication is 5 h. 
b. Find the maintenance dose after 8 h. 
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Key Words 


A sequence is an ordered list of numbers. Each of the numbers 
of a sequence is called a term of the sequence. (Objective 11.1.1) 


A finite sequence contains a finite number of terms. 
(Objective 13.1.1) 


An infinite sequence contains an infinite number of terms. 
(Objective 13.1.1) 


The indicated sum of the terms of a sequence is a series. 
(Objective 13.1.2) 


An arithmetic sequence, or arithmetic progression, is one in which 
the difference between any two consecutive terms is constant. 
The difference between consecutive terms is called the common 
difference of the sequence. (Objective 13.2.1) 


A geometric sequence, or geometric progression, is one in which 
each successive term of the sequence is the same nonzero con- 
stant multiple of the preceding term. The common multiple is 
called the common ratio of the sequence. (Objective 13.3.1) 


An arithmetic series is the indicated sum of the terms of an arith- 
metic sequence. (Objective 13.2.2) 


A geometric series is the indicated sum of the terms of a geo- 
metric series. (Objective 13.3.2) 


n factorial, written n!, is the product of the first n natural num- 
bers. 0! is defined to be 1. (Objective 13.4.1) 


Essential Rules and Procedures 


Formula for the nth Term of an Arithmetic Sequence 
The nth term of an arithmetic sequence with a common differ- 
ence of d is given by a, = a, + (n — 1)d. (Objective 13.2.1) 


Formula for the Sum of n Terms of an Arithmetic Series 
Let a, be the first term of a finite arithmetic sequence, let n be 
the number of terms, and let a,, be the last term of the sequence. 


Then the sum of the series is given by S, = 7 i): 


(Objective 13.2.2) 


Formula for the nth Term of a Geometric Sequence 
The nth term of a geometric sequence with first term a, and 
common ratio r is given by a, = 4,r""*. (Objective 13.3.1) 


d 


gilt 
13. 5) 7 1s a ieee: ea 


1 
The terms are ‘Es a) 5) and ay" 


2, 4, 6, 8 is a finite sequence. 


1, 3,5, 7,... 1s an infinite sequence. 


1,5, 9, 13 is a sequence. 
The series is 1+5+9 4+ 13. 


5) 97 10,245 


9 — 3 = 6;6 is the common difference. 


... is an arithmetic sequence. 


\o 


, 3,1, z..-. 18 a geometric sequence. 


oe 
45325 
By: 
a is the common ratio. 


Dee 
937 


1, 2, 3, 4, 5 is an arithmetic sequence. 
The indicated sum is 1 +2+3+4+5. 


5, 10, 20, 40 is a geometric series. 
The indicated sum is 5 + 10 + 20 + 40. 


Dl =e 43271 ==3120 


Ae7 10213, 2 =7-4=3,a,=4 
1» = 4+ (10 —-13=44+27=31 


BS 11... “i= sees 
Sy = +6 + 38) = 258 


2,6,18,54,... a=2,7r=3 
Ay = 2(3)°1 = 2(3)? = 39,366 


728 


Chapter 13 / Sequences and Series 


Formula for the Sum of n Terms of a Finite Geometric Series 
Let a, be the first term of a finite geometric sequence, let n be 
the number of terms, and let r be the common ratio. Then the 
or - a (Objective 13.3.2) 
Formula for the Sum of an Infinite Geometric Series 

The sum of an infinite geometric series in which |r| < 1 and a, 


(Objective 13.3.3) 





sum of the series S,, is given by S, = 


a, 
1- 





is the first term is given by S = 


The Binomial Expansion Formula 
(a + b)" 


ON A n\ n- nN) n-2,,2 Br n \ n-rpr Sah "1 \pn 
(")a + ("a + ("a toe + ("Ja b’ + +(")b 


(Objective 13.4.1) 


Formula for the rth Term in a Binomial Expansion 


The rth term of (a + b)" is ib x eis (Objective 13.4.1) 





1,4,16,64,... a,=1,r=4 
s, = G2 = 1 S08 — 91 p45 
De Sqr a,=2,r=3 
S Soman wantd 

2 2 
(oy). 


= (a) + (fev + (ew + Gav + ( 


=x" + 4x°y + 6x'y* + 4xy ay 


The sixth term of (2x — y)’ is 
9 gerd cae 
(2)eaxy 6 16 y)° iL 


—2016x*y* 


hapter Review Exercises 





4 
Write >) 3x' in expanded form. 





1. Ze 
i=1 
3. Find the 7th term of the geometric sequence 4. 
4,4V2,8,.... 
9 
5. Evaluate: (?) 6. 
7. Find the 10th term of the arithmetic sequence 8. 
OAS 42, 2... 
9. Find the sum of the first five terms of the geo- 10. 
metric sequence —6, 12, —24, . ;... 
11. Find the 7th term in the expansion of (3x + y)’. 12. 
13. Write the 6th term of the sequence whose nth 14. 
term is given by the formula a, = ~ a 
15. Find the 5th term of the geometric sequence 16. 


2 


6,2, 57+++- 


Find the number of terms in the finite arithmetic 

sequence —5,.--8);—11/%..., 50. 

Find the sum of the infinite geometric sequence, 
9 

4,3, greene 


Write the 14th term of the sequence whose nth 





term is given by the formula a, = tp! 


Find the sum of the first 18 terms of the arith- 
metic sequence —25, —19, —13,.... 


8! 
Evaluate: aa 


4 
Find the sum of the series >) (3n + 1). 


n=1 


Find the formula for the nth term of the arith- 
metic sequence 12,9, 6,.... 


Find an equivalent fraction for 0.23. 


a7. 


19. 


Zi. 


23. 


2. 


27. 


29. 


31. 


33. 


35. 


37. 


39. 


41. 


Find the 35th term of the arithmetic sequence 
elope Gy 1 a. o 


Find the sum of the first 21 terms of the arith- 
metic sequence 5, 12, 19,.... 


Find the number of terms in the finite arithmetic 
sequence: 1) 7.13.5... ; 121: 


> 
Find the sum of the series >) 2i. 


i=1 
Evaluate: 5! 


Find the 30th term of the arithmetic sequence 
= 253,35 /< 


Write the 5th term of the sequence whose nth 
(—1)?""1n 
ip ee 





term is given by the formula a, = 


Find an equivalent fraction for 0.23. 


5 
Find the sum of the geometric series >) 2(3)". 


n=1 


2 


n=1 


8 1 n 
Find the sum of the geometric series > ©) 


Round to the nearest thousandth. 
Find an equivalent fraction for 0.63. 


Find the number of terms in the finite arithmetic 
sequence 2 4 pO 


Sy (22) 
Write > — in expanded form. 


i=1 


18. 


20. 


Le 


24. 


26. 


28. 


30. 


32. 


34, 


36. 


38. 


40. 
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Find the sum of the first six terms of the geo- 
Se 


metric sequence 1, af Aids 


Find the 4th term in the expansion of (x — 2y)’. 


Find the 8th term of the geometric sequence 


VAP Ienerene 


co] Ww 
| 
N]o 


Find the sum of the first five terms of the geo- 
metric sequence 1, 4, 16,.... 


Find the 3rd term in the expansion of (x — 4)°. 


Find the sum of the first 25 terms of the arith- 
metic sequence 25, 21, 17,.... 


4 
Write >) 2x‘! in expanded form. 


i=1 


Find the sum of the infinite geometric series 
1 
4-1+7=-. 


Find the 8th term in the expansion of (x — 2y)”. 


Find the sum of the infinite geometric series 


4 8 
are 3 ar 9 = Tepes 
Write (x — 3y)? in expanded form. 
12! 
518! 


Evaluate: 


(-1)""n 
n+1- 





4 
Find the sum of the series >) 
n=1 
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11. 


13. 


15. 


17. 
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The salary schedule for an apprentice electrician is $1200 for the first month 
and a $40-per-month salary increase for the next 9 months. Find the total 


salary for the first 9 months. 


The temperature of a hot-water spa is 102°F. Each hour, the temperature is 5% 
lower than during the previous hour. Find the temperature of the spa after 


8 h. Round to the nearest tenth. 





hapter Test 


Write the 14th term of the sequence whose nth 
6 
n+4° 





term is given by the formula a, = 


4 
Find the sum of the series >) (2n + 3). 


n=1 


Find the 28th term of the arithmetic sequence 
ake, — 16, 207 Gor 


Find the number of terms in the finite arithmetic 
SEQUETICE!/,0) 7h, os, 7 7- 


Find the sum of the first 24 terms of the arith- 
metic sequence —4, 2,8,.... 


Find the 10th term of the geometric sequence 
4,-4V/2,8,.... 


Find the sum of the first five terms of the geo- 
Na 
Paneer: 


metric sequence 1 
Find the sum of the infinite geometric sequence 


1 
2,1,5,+++: 


Evaluate: ia 


10. 


2s 


14. 


16. 


18. 


Write the 9th and 10th terms of the sequence 
whose nth term is given by the formula 


2 
nit ea 


4 
Write >) 2x” in expanded form. 


i=1 


Find the formula for the nth term of the arith- 
metic sequence —3, —1,1,.... 


Find the sum of the first 15 terms of the arith- 
metic sequence —42, —33, —24,.... 


10! 
Evaluate: cue 


Find the 5th term of the geometric sequence 


9 
9,3, Sree 


Find the sum of the first five terms of the geo- 


metric sequence —5, 10, —20,.... 


Find an equivalent fraction for 0.23. 


Find the 5th term in the expansion of (3x — y)*. 


19. 


20. 


11. 


13. 


15. 


17. 


731 


Cumulative Review Exercises 


An inventory of supplies for a fabric manufacturer indicated that 7500 yd 
of material were in stock on January 1. On February 1, and on the first of 
the month for each successive month, the manufacturer sent 550 yd of mate- 
rial to retail outlets. How much material was in stock after the shipment on 


October 1? 


An ore sample contains 320 mg of a radioactive substance with a half-life of 
1 day. Find the amount of radioactive material in the sample at the beginning 


of the fifth day. 





4x? ox 2 
Subtract: 5375 - earcr 
Multiply: V2y(V8xy — Vy) 
Solve: 5 — Vx = Vx +5 


Solve by the addition method: 3x — 3y = 2 
6% 4y =5 


Evaluate the determinant: P | 


4 2 


Solve for x: 4* = 8*"? 


7 
Find the sum of the series >) (—1)""1(n + 2). 
n=1 


Solve for x: log, x = 3 


For 9(x) = —3x + 4, find g(1 + h). 


umulative Review Exercises 


10. 


14. 


16. 


18. 


Factor: 2x° + 16 





as, 3\ -8 
Simplify: (e =) 


x 


Solve: 2x? -x+7=0 


Solve: 2x —1>30r1—3x>7 


Write log, ! in expanded form. 


Write the 5th and 6th terms of the sequence 
whose nth term is given by the formula 
a, = n(n — 1). 


Solve by the addition method: 
x+2y+z=3 
2x y +22 = 6 
Oxy = 5 


Divide: (4x3 — 3x + 5) + (2x + 1) 


a@-1 


Find the range of f(a) = acta: if the domain is 


10,152}: 
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19. Graph: 3x — 2y = —4 20. Graph the solution set of 2x — 3y < 9. 





21. Anew computer can complete a payroll in 16 min less time than it takes an 
older computer to complete the same payroll. Working together, both com- 
puters can complete the payroll in 15 min. How long would it take each com- 
puter, working alone, to complete the payroll? 


22. A boat traveling with the current went 15 mi in 2 h. Against the current, it 
took 3 h to travel the same distance. Find the rate of the boat in calm water 
and the rate of the current. 


23. An 80-milligram sample of a radioactive material decays to 55 mg in 30 days. 


t 


Use the exponential decay equation A = Ad(3)), where A is the amount of 


radioactive material present after time t, k is the half-life, and A) is the origi- 
nal amount of radioactive material, to find the half-life of the 80-milligram 
sample. Round to the nearest whole number. 


24. A “theater in the round” has 62 seats in the first row, 74 seats in the second 
row, 86 seats in the third row, and so on in an arithmetic sequence. Find the 
total number of seats in the theater if there are 12 rows of seats. 


25. To test the “bounce” of a ball, the ball is dropped from a height of 10 ft. The 
ball bounces to 80% of its previous height with each bounce. How high does 
the ball bounce on the fifth bounce? Round to the nearest tenth. 


Conic Sections 





The principal responsibility of a 
pharmacist is to prepare and dispense 
medication ordered by physicians. A 
pharmacist must be knowledgeabie 
about the effects of drugs on people 
and must have a thorough under- 
standing of procedures for testing drug 
purity and strength. 
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Section 14.1 / The Parabola 735 
ieealeentnneaesnc lapses cine a ne eR ws. 
> B.u.Citel ON 141 
The Parabola 


Graph parabolas 








The conic sections are curves that can be constructed from the intersection of a 
plane and a right circular cone. The four conic sections are the parabola, circle, 
ellipse, and hyperbola. The parabola was introduced earlier. Here we will review 
some of that previous discussion and look at equations of parabolas that were not 
discussed before. 





A parabola is a conic section formed by the intersection of a right circular cone and 
a plane parallel to the side of the cone. Every parabola has an axis of symmetry 
and a vertex that is on the axis of symmetry. To understand the axis of symmetry, 
think of folding the paper along that axis. The two halves of the curve will match up. 


The graph of the equation y = ax’? + bx + c,a # 0, is a parabola with the axis of 
symmetry parallel to the y-axis. The parabola opens up when a > 0 and opens 
down when a < 0. When the parabola opens up, the vertex is the lowest point on 
the parabola. When the parabola opens down, the vertex is the highest point on 
the parabola. 


The coordinates of the vertex can be found by completing the square. 





Find the vertex of the parabola whose equation is y = x* — 4x + 5. 


yox —45 45 
Group the terms involving x. y = (x? ~ 4x) + 5 


Complete the square of x? — 4x. Note that 4 is y = (x? — 4x +4) -445 
added and subtracted. Because 4 — 4 = 0, the 
equation is not changed. 


Factor the trinomial and combine like terms. y= (x = 2)2 ol 


The coefficient of x? is positive, so the parabola 
opens up. The vertex is the lowest point on 
the parabola, or the point that has the least 
y-coordinate. 


Because (x — 2)? = 0 for all x, the least y-coor- 
dinate occurs when (x — 2)? = 0, which occurs 
when x = 2. This means the x-coordinate of the 


vertex is 2. 
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To find the y-coordinate of the vertex, replace x y=(x- 2) +1 
in y = (x — 2)? + 1 by 2 and solve for y. =(2 =2)9+1=4 


The vertex is(2, 1). 





By following the procedure of the last example and completing the square on the 
‘ b 
equation y = ax’ + bx + c, we find that the x-coordinate of the vertex is —>~. The 


y-coordinate of the vertex can then be determined by substituting this value of x 
into y = ax’ + bx + cand solving for y. 


Because the axis of symmetry is parallel to the y-axis and passes through the ver- 


: b 
tex, the equation of the axis of symmetry is x = —>. 





~ Example 1 Find the vertex and the axis of symmetry of the parabola given 
by the equation y = x? + 2x — 3. Then sketch the graph of the 


parabola. 
Solution fee ol » The x-coordinate of the vertex is sae 
2a 2(1) 2a 
y= x? +2x—3 » Find the y-coordinate of the vertex by re- 
y =(—1) + 26-1) 3 placing x by ~1 and solving for y. 
Ui 
: ; ; ; b 
» The axis of symmetry is the line x = —<- 


22 

» Because a is positive, the parabola opens 

up. Use the vertex and axis of symmetry 
to sketch the graph. 





Problem 1 Find the vertex and the axis of symmetry of the parabola given 
by the equation y = —x? + x + 3. Then sketch the graph of the 
parabola. 


Solution See page S40. 


The graph of an equation of the form 
x=ay’+ by+c,a#0,isalsoa parabola. In 
this case, the parabola opens to the right when 
a is positive and opens to the left when a is 
negative. 


For a parabola of this form, the y-coordinate 
of the vertex is ae The axis of symmetry is 
the line y = Saat 
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Using the vertical-line test reveals that the graph of a parabola of this form is not 
the graph of a function. The graph of x = ay? + by + cis the graph of a relation. 


Example 2 Find the vertex and the axis of symmetry of the parabola whose 
equation is x = 2y* — 8y + 5. Then sketch its graph. 


. Opes es 
Solution 35. SS 


2 

x= 2y? - By +5 

x = 2(2)" 8(2) +5 
X= -35 

The vertex is (—3, 2). 
The axis of symmetry 
is the line y = 2. 





® Find the y-coordinate of the vertex. 
a=2,b=—8. 


» Find the x-coordinate of the vertex by re- 
placing y by 2 and solving for x. 


ih 


» ~ a . . g 
® The axis of symmetry is the line y = eo 
E i ; 


» Because 4 is positive, the parabola opens 
to the right. Use the vertex and axis of 
symmetry to sketch the graph. 


Problem 2 Find the vertex and the axis of symmetry of the parabola whose 
equation is x = —2y* — 4y — 3. Then sketch its graph. 


Solution See page S40. 





CONCEPT REVIEW 14.1 





¥ 
& 





Determine whether the following statements are always true, sometimes true, or 


never true. 
1. The graph of a parabola is the graph of a function. 
2. The axis of symmetry of a parabola passes through the vertex. 
3. The graph of a parabola has two x-intercepts. 
4. The graph of a parabola has a minimum value. 
5. The axis of symmetry of a parabola is the x-axis or the y-axis. 
6. The equation of the axis of symmetry of a parabola is x = -=. 
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EXERCISES 14.1 


1. * Describe the vertex and axis of symmetry of a parabola. 





2. / Explain how, by looking at the equation of a parabola, you can tell 
* whether the parabola opens up or down or opens left or right. 


Find the vertex and the axis of symmetry of the parabola given by the equation. 
Then sketch its graph. 


Soya 2K 4, y=x?>+4x-4 





De XS of 6. y= —x7 + 42-5 
7 x=y + 6yt+5 ae Sx y —y-6 


9. y= 2 4x $1 10. y=2x7+4x—-5 





qd y= = ox + 4 ZY = x + ONG 


1k = oat 15 


14. x=y —3y-4 


15.0 y= 30 Ox 16. y= —2x* + 6x 





ee ee 18. x= =—-y?— 1 
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1 : 
19. = =? — beth d 
aie al 20. x= —sy’ + 2y-3 


if 
Bleyrsx + 2x5 6 22: y= 5x +x-3 





APPLYING CONCEPTS 14.1 





Use the vertex and the direction in which the parabola opens to determine the 
domain and range of the relation. 


23. y= x? —4x-2 24. y=x?>-6x+1 
Zon Y= —x° + 2x — 3 2660 eX eet 4 
27. x=y + 6y —5 28. x=y> + 4y—3 
29. x= —y — 2y +6 30. x= -y?—-6y+2 


Recall from the historical feature at the beginning of this chapter that an applica- 
tion of parabolas as mirrors for telescopes was mentioned. The light from a source 
strikes the mirror and is reflected to a point called the focus of the parabola. The 
focus is < units from the vertex of the parabola on the axis of symmetry in the 
direction the parabola opens. In the expression =, a is the coefficient of the 


second-degree term. In each of the following, find the coordinates of the focus of 


the parabola. 
31. y=2x2-4x +1 32. y= 5x2 +2 
33. x=syty-2 34, x=-y?—4y+1 






w. Astronomy Mirrors used in reflecting telescopes have a 
* cross section that is a parabola. The 200-inch mirror at the 
Palomar Observatory in California is made from Pyrex, is 2 ft 
thick at the ends, and weighs 14.75 tons. The cross section of the 
mirror has been ground to a true parabola within 0.0000015 in. 
No matter where light strikes the parabolic surface, the light is re- 
flected to a point called the focus of the parabola, as shown in the 
figure at the right. 

a. Determine an equation of the mirror. Round to the nearest 
whole number. 


35. 





b. Over what interval for x is the equation valid? 
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36. Meteorology A radar dish used in the Cassegrain radar system has a cross y 7-78 
section that is a parabola. The radar dish, used in weather forecasting, has a ee 
diameter of 84 ft. It is made of structural steel and has a depth of 17.7 ft. Sig- 
nals from the radar system are reflected off clouds, collected by the radar sys- a 
tem, and then analyzed. 


a. Determine an equation of the radar dish. Round to the nearest whole 4 ft 
number. 






as Radar Disk 


b. Over what interval for x is the equation valid? 


/ 
vs 
2 


37. # Explain how the concepts of congruence and symmetry are related. 


SS SS 





17.7 ft 
Cassegrain Radar Dish 


Ta. 
WS 


38. Explain how the graph of f(x) = ax’ changes, depending on the value of a. 


39. * Explain why x = y? + 4isn’t an equation that defines y as a function of x. 


40. // When y = 0, the x values of the equation y = x? + 2x + 3 are imaginary 


* numbers. What does this mean for the graph of the equation? 





SECTION 142 
The Circle 


Find the equation of a circle and then 
graph the circle 





A circle is a conic section formed by the intersection of a cone and a plane that is 
parallel to the base of the cone. 





A circle can be defined as all the points (x, y) in the plane that are a fixed distance 
from a given point (h,k) called the center. The fixed distance is the radius of 
the circle. 


The equation of a circle can be determined by using the distance formula. 


Section 14.2 / The Circle 74] 


Let (h, k) be the coordinates of the center of the circle, 
let r be the radius, and let (x, y) be any point on the 
circle. Then, by the distance formula, 


We ECE, 


Squaring each side of the equation gives the equa- 
tion of a circle. 


ie [ViGeS et Gok)? 
r= (x — hY + (y — bk? 





The Standard Form of the Equation of a Circle 





Recall that the graph of a circle is not the graph of a function. The graph of a 
circle is the graph of a relation. 





~ Find the equation of the circle with radius 4 and center C(—1, 2). 


Use the standard form of the equation of a Oy ak) =e 
circle. 
Replace r by 4, h by —1, and k by 2. [x-— (-DP +y-27=4 


x+1P + (y~ 2¥ = 16 


To sketch the graph of this circle, draw a circle 
with center C(—1, 2) and radius 4. 





“ Example 1 Find the equation of the circle with radius 5 and center C(—1, 3). 


Then sketch its graph. 
Solution (—hP +(y-kKr=r? = 3 aaa 
PCE eats - 
el) a a) =e 





Problem 1 Find the equation of the circle with radius 4 and center C(2, —3). 
Then sketch its graph. 


. Solution See page S33. 
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“> Find the radius of a circle that passes through the point P(2, 1) and has as its 
center the point C(3, —4). 
Because the center of the circle and a point on Ve xl + Oh -— wy am 
the circle are known, use the distance for- VB—-2% + (-4-1%=r 


mula to find the radius of the circle. VE + (5% =r 
Vi+ 294 
V26=r 





Example 2 Find the equation of the circle for which a diameter has end- 
points P,(—4, —1) and P,(2, 3). 








+ - 
Solution x,, = oe = i met (,y,) =(-4,-1) and 
Rilke (x, ¥2) = (2, 3). Find the center 
Xm = oo Yn = — = of the circle by finding the 
midpoint of the diameter. 
earl y= 


(Xing Ym) aa ely 1) 
Ve ae Gr Ym) ® Find the radius of the circle. 


r= 

pe [=4 =a (—DP ue 1 > 1) Use either point en the circle 
and the coordinates of the cen- 

amma tae ter of the circle. P; is used here. 

r=V/13 

rt ACs) reais » Write the equation of the circle 
with center C{—1, 1) and radius 
V13. 


Problem 2 Find the equation of the circle for which a diameter has end- 
points P,(—2, 1) and P,(4, —1). 


Solution See page S40. 





Write the equation of a circle in standard 

form and then graph the circle 

The equation of a circle can also be expressed as the equation 
x+y +ax+by+c=0 


To rewrite this equation in standard form, it is necessary to complete the square 
on the x and y terms. 





~ Write the equation of the circle x7 + y? + 4x + 2y + 1 = 0 in standard form. 


x chy? Ae Dy hd ==. 
Subtract the constant term eP+y + 44+ 2y=-1 
from each side of the equa- 
tion. 


Section 14.2 / The Circle 743 


Rewrite the equation by (x? + 4x) + (y? + 2y) = — 
grouping terms involving x 

and terms involving y. 

Complete the square on (x? +4x+4)+(y?+2y+1)=-14+4+1 
x? + 4x and y? + 2y. (x? + 4x +4) +(y?+ 2y+1)=4 

Factor each trinomial. OPQ ey Ty = 48 


Example 3 Write the equation of the circle x7 + y? + 3x — 2y = 1 in stan- 
dard form. Then sketch its graph. 
Solution Ret Ya Ok ey el 
(234) i y> — 2y) I » Group terms involving x 
and terms involving y. 


» Complete the square on 
x + 3x and y*> = 2y. 


9 9 
ee. 


aS : 42 Es eas ; 
(x Sloss (ye 1° = ® Factor each trinomial. 


be Draw a circle with center 
\ 


ese ee ; ee 
=, 1 } and radius 
\ a Z 





Problem 3 Write the equation of the circle x? + y? — 4x + 8y + 15=0Oin 
standard form. Then sketch its graph. 


: 
6: 


Solution See page S40 








CONCEPT REVIEW 14.2 





Determine whether the following statements are always true, sometimes true, or 
never true. 


1. The center of a circle is at the origin of the coordinate axes. 


2. The center of the circle given by the equation (x + 2)’ + (y + 1) = 16 is 
(2, 1). 


3. The equation x* + y? — 2x + 3y = 12 is the equation of a circle. 
4. The graph of a circle is the graph of a function. 


5 (x—2P+tyt 4)? = —4 is the equation of a circle. 


744. 





Ze 


A. 
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/{ Describe how the points on the circumference of a circle are related to the 
* center of the circle. 


{4 What do the values of h, k, and r represent in the equation of a circle in 
* standard form? 


Sketch a graph of the equation of the circle. 


3. 


11. 


13. 


a5: 


, ae 


(x + 2)° + (y — 3)’ = 16 ewe 
: pa 


> 


(x- 27 + (y +27 =9 





Ceo) ) = 25 6. & — 2) Sy 423)" = 4 








(x — 4 + (y+2%=1 : 8. (x— 3 + (y-2%=16 i 
STN . rer 2 : ’ 

6 “6 

+5 + (y+ 2Pa 4 ey 10. (x +1 +(y-1P=9 =o 


Find the equation of the circle with radius 2 and 12. Find the equation of the circle with radius 3 and 
center C(2, —1). Then sketch its graph. center C(—1, —2). Then sketch its graph. 





“44 : 


Find the equation of the circle that passes 14. Find the equation of the ee that passes 
through the point P(1, 2) and whose center is the through the point P(—1, 3) and whose center is 
point C(—1, 1). Then sketch its graph. the point C(—2, 1). Then sketch its graph. 


pice: 





Find the equation of the circle for which a di- 16. Find the equation of ae aceon which a di- 
ameter has endpoints P,(—1, 4) and P,(—5, 8). ameter has endpoints P,(2, 3) and P,(5, —2). 
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17. Find the equation of the circle for which a di- 18. Find the equation of the circle for which a di- 
ameter has endpoints P,(—4, 2) and P,(0, 0). ameter has endpoints P,(—8, —3) and P,(0, —4). 





Write the equation of the circle in standard form. Then sketch its graph. 











19. x? + y? — 2x + 4y—20=0 . 20. x° + y?— 4x + 8y+4=0 1 
5 al é 

21. x+y? +6x+ 8¥+9=0 22. x? + y? — 6x + 10y + 25=0 s 

é c Pia) 

oe, 13 wd je 8s, 1 ae 

23. Pe Mere ay er =O ght 24. x+y +4x+y+7=0 :6f 
feet 

25. -x° + y? — 6x + 4y+4=0 ee 26. x*+y?— 10x + 8y + 40=0 » 








In Exercises 27-29, write the equation of the circle in standard form. 


_27. The circle has its center at the point C(3, 0) and passes through the origin. 
28. A diameter of the circle has endpoints P,(—2, 4) and P,(2, —2). 


29. The circle has radius 1, is tangent to both the x- and y-axes, and lies in quad- 
rant II. 


30. Geometry The radius of a sphere is 12 in. What is the radius of the circle 
that is formed by the intersection of a plane and the sphere at a point 6 in. 
from the center of the sphere? 





31. i Is x? + y? = 16 the equation of a function? Explain how to graph this re- 
# ation ona graphing utility. 


A 
SS 


i Is x2 + y? + 4x + 8y + 24 =0 the equation of a circle? If not, explain 
y why not. If so, find the radius and the coordinates of the center. 


32. 


< 
“S 


i 
i 


2 2 
33. *# Explain why the graph of the equation = + a = Lis or is not a circle. 
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34. // Explain the relationship between the distance formula and the standard 


Z 
{go 


* — form of the equation of a circle. 


35. // Write a report on the circles of longitude and latitude. Include a descrip- 


* tion of the prime meridian, the international date line, and time zones. 





Sabt G1 1.0.N..14:3 
The Ellipse and the Hyperbola 


Graph an ellipse with center at the origin 


The orbits of the planets around the sun are “oval” shaped. This oval shape can be 
described as an ellipse, which is another of the conic sections. 











-—__B 
: S 
Bae 7 
\ ay 5 3 ; 
. ¥ There are two axes of symmetry for an ellipse. The intersection of these two axes 
x is the center of the ellipse. 
a ‘ : 
Po An ellipse with center at the origin is shown at the 
vA - right. Note that there are two x-intercepts and two 


y-intercepts. 





The Standard Form of the Equation of an Ellipse with Center at 
the Origin 
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By finding the x- and y-intercepts for an ellipse and using the fact that the ellipse 
is “oval” shaped, we can sketch a graph of an ellipse. 


Example 1 Sketch a graph of the ellipse given by the equation. 


x2 y’ ™ x2 y’ oe 

oe aga Diet ap 

‘ poneye r 5 
Solution A. a alee i Ba = 9G bt = 4 

x-intercepts: ® The x-intercepts are {¢,0) and 
(3, 0) and (—3, 0) 4, 0). 
y-intercepts: » The y-intercepts are (0,b) and 
(0, 2) and (0, —2) {G, =b). 


» Use the intercepts and symmetry to 
sketch the graph of the ellipse. 





ee es Bea Pen 
B. 16 a Es eae = 16,0 = 12 
x-intercepts: » The x-intercepts are (4,0) and 
(4, 0) and (—4, 0) i=2,0). 
y-intercepts: » The y-intercepts are (0,5) and 


(0,2V3) and (0, -2V3) ‘8, ~b). 


» Use the intercepts and symmetry to 
sketch the graph of the ellipse. 
2V3 = 3.5 





Problem 1 Sketch a graph of the ellipse given by the equation. 
i y? A se ¥ e 
A. re =k ey 1 B. 18 el 9 i. 


«Solution See page S40. 
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Graph a hyperbola with center at 
the origin 


A hyperbola is a conic section that is formed by the intersection of a right circular 
cone and a plane perpendicular to the base of the cone. 





iN A Ze 
ie kha 
\ae\/ ‘ : 
‘I ue The hyperbola has two vertices and an axis of symmetry that passes through the 
KN vertices. The center of a hyperbola is the point halfway between the vertices. 
a i MS 
ye \ The graphs below show two graphs of a hyperbola with center at the origin. 


In the first graph, an axis of symme- 
try is the x-axis and the vertices are 
x-intercepts. 


In the second graph, an axis of sym- 
metry is the y-axis and the vertices 
are y-intercepts. 





Note that in either case, the graph of a hyperbola is not the graph of a function. 
The graph of a hyperbola is the graph of a relation. 


The Standard Form of the Equation of a Hyperbola with Center 
at the Origin 





To sketch a hyperbola, it is helpful to draw two lines 
that are “approached” by the hyperbola. These two 
lines are called asymptotes. As the hyperbola gets 
farther from the origin, the hyperbola “gets closer 
to” the asymptotes. 


Because the asymptotes are straight lines, their equa- 
tions are linear equations. The equations of the 
asymptotes for a hyperbola with center at the origin 


b b 
are y = 7x and y = —x. 
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~ Example 2 Sketch a graph of the hyperbola given by the equation. 


x2 y ea y x? 
Bate) Wig ~ 35 > 
, ee ee ‘ 
Solution A. iG ee ea’ = 16,67 =4 

Axis of symmetry: 

x-axis 

Vertices: » The vertices are (2, 0} and (~2, 0). 

é 

Asymptotes: » The asymptotes are y = 2 and 
1 1 b be 

y =5xandy = —5x yee 


» Sketch the asymrptotes. Use symme- 
try anc the fact that the hyperbola 
will approach the asymptotes to 





sketch its graph. 
es 2 25 p2 
B. 16 5 1 me = 20h 16 
Axis of symmetry: 
y-axis 
Vertices: » The vertices are (©, b) and (0, —b). 
(0, 4) and (0, —4) 
Asymptotes: » The asymyptotes are y = ae and 
4 4 b 
y = —=xandy = ——_x y = ok. 


® Sketch the asymptotes. Use symme- 
try and the fact that the hyperbola 
will approach the asymptetes to 
sketch its graph. 





Problem 2 Sketch a graph of the hyperbola given by the equation. 
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CONCEPT REVIEW 14.3 


Determine whether the following statements are always true, sometimes true, or 
never true. 


1. The graph of an ellipse is the graph of a function. 

2. The graph of a hyperbola is the graph of a function. 

3. An ellipse has two axes of symmetry. 

4, An ellipse with center at the origin has two x-intercepts. 

5. Ahyperbola with center at the origin has two x-intercepts. 


6. 4x? — y? = 16 is the equation of a hyperbola. 





EXERCISES 14.3 





Sketch the graph of the ellipse given by the equation. 


x2 




















Pet : Lege Pee ei Le y 
Lat 57 eo 2 3% 1 ves eu S-is oe ! 
ve 
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4. Ss em we = 
aa 6 49 a 6A 1 
x2 2 2 2 
mee sages 
9 2 Sigg as oe | 
10 ee gee y d x? y’ y 
Pag yan 3 ce phe 12. ig deere ete 
a =e eee a! 
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Sketch a graph of the hyperbola given by the equation. 








x2 y? ¥ x2 2 v 2 2 
e ee ee ee z ¥ = i : 
5-1 £5 16, eS 1 ‘| ee 
2) 2 2 2 
Reese iy A eee ae 
ake 19... = £4 2, 7-£-=1 
a a Voss, pei 
, cee. Ney Zoe ee 23. Se ig re 
=f A o 
ie 
24 x2 y? er 1 y? x? y? x2 
arg ia 25. Toes 26. On aes 
ae (Mer — eevee 
7 2 a 1 28. Ci Lee 1 





APPLYING CONCEPTS 14.3 





Sketch a graph of the conic section given by the equation. (Hint: Divide each term 
by the number on the right side of the equation.) 


29. 4x? + y= 16 30. 31. y* — 4x? = 16 





32. 33. 9x? — 25y? = 225 34, 


aoe 
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35. 


36. 


37. 


38. 


39. 


40. 
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» Astrononty The orbit of Halley’s comet is an ellipse with a 
major axis of approximately 36 AU and a minor axis of ap- 
proximately 9 AU. (1 AU is 1 astronomical unit and is approxi- 
mately 92,960,000 mi, the average distance of Earth from the sun.) 


a. Determine an equation for the orbit of Halley’s comet in terms 
of astronomical units. See the diagram at the right. 


b. The distance of the sun from the center of Halley’s comet’s elliptical orbit 
is Va? — b’. The aphelion of the orbit (the point at which the comet is far- 
thest from the sun) is a vertex on the major axis. Determine the distance, 
to the nearest hundred-thousand miles, from the sun to the point at the 
aphelion of Halley’s comet. 


c. The perihelion of the orbit (the point at which the comet is closest to 
the sun) is a vertex on the major axis. Determine the distance, to the near- 
est hundred-thousand miles, from the sun to the point at the aphelion of 
Halley’s comet. 


#” Astronomy The orbit of the comet Hale—Bopp is an ellipse as 


» shown at the right. The units are astronomical units (abbrevi- 
ated AU). 1 AU =~ 92,960,000 mi. 


a. Find the equation of the orbit of the comet. 
b. The distance from the center, C, of the orbit to the sun is approxi- 


mately 182.085 AU. Find the aphelion (the point at which the Not to ee 


comet is farthest from the sun) in miles. Round to the nearest mil- 
lion miles. 

c. Find the perihelion (the point at which the comet is closest to the sun) in 
miles. Round to the nearest hundred-thousand miles. 





Astronomy As mentioned in the historical feature at the beginning of 
» this chapter, the orbits of the planets are ellipses. The length of the 
major axis of Mars’ orbit is 3.04 AU (see Exercise 35), and the length of the 
minor axis is 2.99 AU. 


a. Determine an equation for the orbit of Mars. 
b. Determine the aphelion to the nearest hundred-thousand miles. 
c. Determine the perihelion to the nearest hundred-thousand miles. 


/f Prepare a report on the system of navigation called loran (long-range 
” navigation). 


{4 Besides the curves presented in this chapter, how else might the inter- 
” section of a plane and a cone be represented? 


jf Explain why neither the equation of an ellipse nor the equation of a hy- 
perbola represents a function. 


fe 
ae 
g 


F 
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> ECT b.Oun. 144 
Solving Nonlinear Systems of 








Equations 
in 
Solve nonlinear systems of equations ag 


A nonlinear system of equations is one in which one or more equations of the 
system are not linear equations. Some examples of nonlinear systems and their 
graphs are shown here. 


r?t+y=4 
y=x?+2 
The graphs intersect at one point. 
The system of equations has one solution. 


ye 
asiaa ete 


The graphs intersect at two points. 
The system of equations has two solutions. 


+27 +(y—27=4 
x=y? 
The graphs do not intersect. 
The system of equations has no solutions. 





Nonlinear systems of equations can be solved by using either a substitution 
method or an addition method. 
Solve: 2x-—y=4 (1) 
y= 4x (2) 
When a system contains both a linear and a quadratic equation, the substitu- 
tion method is used. 





Solve equation (1) for y. 2x Y= 4 
= = 25 4 
ae et 
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Substitute 2x — 4 for y into equa- 
tion (2). 


Write the quadratic equation in 
standard form. 


Solve for x by factoring. 


Substitute the values of x into the 
equation y= 2x-—4, and solve 
for y. 


Ye 
(2x — 4)? = 4x 
4x? — 16x + 16 = 4x 
4x? — 20x + 16 =0 
A(x* — 5x + 4) =0 
A(x — 4)(x — 1) =0 
x-4= x-1=0 
x= 4 x=] 
y=2x— 4 Um Lhe ie 
y=24)-4 y=2(1)-4 
y= 4 ae 





The solutions are (4, 4) and (1, —2). 


The graph of the system that was solved above is shown at the left. Note that the 
line intersects the parabola at two points. These points correspond to the solutions. 


~ Solve: x7 + y?=4 (1) 
y=x+4 (2) 


The system of equations contains a linear equation. The substitution method is 


used to solve the system. 


Substitute the expression for y into 
equation (1). 


Write the equation in standard 
form. 


Because the discriminant of the 
quadratic equation is less than 
zero, the equation has two complex 
number solutions. Therefore, the 
system of equations has no real 
number solutions. 


The graph of the system of equations 
that was solved above is shown at the 
right. Note that the two graphs do not 
intersect. 


P+y=4 

x + Oe ay = 4 

x7 +x7+8x+16=4 
2x7 + 8x+16=4 
2x? + 8x+12=0 


b? — 4ac = 8? — 4(2)(12) 
= 64 — 96 
= —32 
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Solve: 4x7 + y2=16 (1) 
ery = A. (2) 


Use the addition method to solve this system of equations. 


Multiply equation (2) by —1 and 4x? + y? = 16 


add it to equation (1). =i ye = =a 
3x? = 12 
Solve for x. x= 
x= ae 
Substitute the values of x into equa- r+y=A4 e+y=4 
tion (2), and solve for y. Dey A (2 ye 
y= 0 
0 





The graph of the system that was ans 


solved above is shown at the right. 
Note that the graphs intersect at two 
points. 





~ Example 1 Solve. A. y=2x?—3x-1  B. 3x? — 2y?=26 


YS Te 5 ne yee 
Solution A. (1) Yi 2k tae aol 
(2) a 
2x? — 3x —1=x7-2x+5 » Use the substitution 
x*>-x-6=0 method. 


(x — 3)(x + 2) =0 
x-3=0 x+2=0 


t= 3 Nea 
Ye 2X1 OX at ®» Substitute the values 
y= 2(3) 36) —1 of x into equation (1). 
Y = 18:91 
y= 8 


Wi ON OX aed 

y = 2(—2)7 = 3(-2),— 1 
y 8.6) — 1 

y= 13 


The solutions are (3, 8) and (—2, 13). 


756 


Chapter 14 / Conic Sections 


BS. 3x2 = 226 
Qj py 


3x* — 2y? = 26 ® Use the addition 
— 2x Oy 0 method. Multiply 
x? = 16 equation (2) by ~2. 
x= +4 
eye = x?—y?>=5 Substitute the val- 
P—y=5 (42 -—y=5 ues of x into equa- 
Seep —_-y= tion (2). 
16 5 16—y 4) 
aia a4 y- =—-—]]1 
2 anes 
ie yo =i 
yee VAt Yo Nat 


(~4, ~V11). 


Problem i Solve. A. y=2x?+x-3 Boxtiye 0 


y = 2x7 —-2x+9 
Solution See page S41 





Determine whether the following statements are always true, sometimes true, or 
never true. 


it: 


It is possible for two ellipses with centers at the origin to intersect in three 
points. 


Two circles will intersect in two points. 
A straight line will intersect a parabola in two points. 
An ellipse and a circle will intersect in four points. 


When the graphs of the equations of a system of equations do not intersect, 
the system has no solution. 


Two circles will intersect in four points. 





EXERCISES 14.4 





yo How do nonlinear systems of equations differ from linear systems of 
” equations? 


7 What types of methods are used to solve nonlinear systems of equations? 


r+y=8 
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Solve. 

3. ag ae tere | 4. y=x*-3x+1 5. y ==—x +3 
Ye X eyo y=x+6 x-y=1 

6. Yo ax 7. y? = 2x 8. y? = 2x 
eee kL Sy 2 Ke ime A 

9. x + dy? = 12 10. x? + 4y? = 37 HW. e+y=13 
2x -—y= x—y=-—4 x+ty=5 

12, x+y’ = 16 13. 4x? + y? = 12 14. 2x? + y? =6 
x—2y=-4 y = 4x? y = 2x? 

5. y=x*?-2x-3 16. y=x?+4x+5 7230 477 = -1 
yx — 6 YX 3 x? + 4y? = 17 

18. x? +y?=10 19. 2x? + 3y? = 30 20. x2+y?=61 
x? + 9y? = 18 r?+y=13 Xoo oD 

a y= 2 — x 1 D2 ney Xe ell 23. 2x? + 3y? = 24 
eae xk matte eee xy 97 

24. 2x? + 3y? = 21 25. x? + y’ = 36 26. 2x? + 3y? = 12 
x? + 2y? = 12 4x? + 9y? = 36 x? —y? =25 

27, 11x 29° = 4 28. x? + 4y? = 25 29. 2x°7-y=7 
ox 7 = 15 cy 5 2x -—y=5 

30. 3x7 + 4y°=7 31. y=3x7+x-4 B20 y= 20 ox 
x ay = —3 y= 3x — 8x +5 y = 2x? +9x+7 


APPLYING CONCEPTS 14.4 


&1 Solve by graphing. Approximate the solutions of the systems to the nearest 
cs) thousandth. 





33. y= 2: 34. i= 35. y = log, x 
x+y=3 r+y=9 
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1 x 
36. y = log; x 37. y = —log, x 38. y= (3) 
r+y=4 xt+y=4 4 ovo, 
9 A 
39. // Is it possible for two circles with centers at the origin to intersect at 


* exactly two points? 


40. “/ Graphxy > 1landy> : on different coordinate grids. Dividing each side 
of xy > 1by x yields y > , but the graphs are not the same. Explain. 





Sub GC T Ir-O 81N 145 
Quadratic Inequalities and 
Systems of Inequalities 





Graph the solution set of a quadratic 
inequality in two variables 


The graph of a quadratic inequality in two variables is a region of the plane that 
is bounded by one of the conic sections (parabola, circle, ellipse, or hyperbola). 
When graphing an inequality of this type, first replace the inequality symbols 
with an equals sign. Graph the resulting conic using a dashed curve when the 
original inequality is less than (<) or greater than (>). Use a solid curve when the 
original inequality is < or =. Use the point (0,0) to determine which region of 
the plane to shade. If (0, 0) is a solution of the inequality, then shade the region 
of the plane containing (0, 0). If not, shade the other portion of the plane. 


“> Graph the solution set of x? + y? > 9. 
Change the inequality to an equality. 


This is the equation of a circle with center (0,0) and 
radius 3. 


Because the inequality is >, the graph is drawn as a 
dashed circle. 


Substitute the point (0, 0) into the inequality. Because 
0° + 0? > 9 is not true, the point (0, 0) should not be in 
the shaded region. 
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Example 1 Graph the solution set. 
2 2 
meuree e ee 2 Bae ed 


Solution A. y<x*+2x+2 
y= x Dy +2 » Change the inequality to an equality. This 

is the equation of a parabola that opens 
up. The vertex is (—1, 1). The axis of sym- 
metry is the line x = —1. 

» Because the inequality is =, the graph is 
drawn as a solid line. 

» Substitute the paint (0, 0) into the inequal- 
ity. Because 0 < 0° + 2(0) + 2 is true, the 
point (0, 0) should be in the shaded region. 





i » Change the inequality to an equality. 
This is the equation of a hyperbola. The 
vertices are (0, —3) and (0,3). The equa- 


x and 


SEG 


tions of the asymptotes are y = 


b 


3 
y= —5e. 


» Because the inequality is =, the graph is 
drawn as a solid line. 
» Substitute the point (0, 0) into the inequal- 





ae Co a 

ity. Because > ~ 7 = 1 is not true, the 
point {0,0} should not be in the shaded 
region. 


Problem 1 Graph the solution set. 








Graph the solution set of a nonlinear 
system of inequalities 


Recall that the solution set of a system of inequalities is the intersection of the so- 
lution sets of the individual inequalities. To graph the solution set of a system of 
inequalities, first graph the solution set for each inequality. The solution set of the 
system of inequalities is the region of the plane represented by the intersection of 
the two shaded regions. 
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Graph the solution set: x* + y? = 16 
y=x 


Graph the solution set of each inequality. 


x’? + y’ = 16 is the equation of a circle with a radius 
of 4. Because the inequality is =, use a’solid line. 





y = x’ is the equation of a parabola that opens up- 
ward. Because the inequality is =, use a solid line. 


Substitute the point (0, 0) into the inequality x7 + y* < 16.0? + 0* < 16isa true 
statement. Shade inside the circle. 


Substitute (2, 0) into the inequality y = x’. (We cannot use (0, 0), a point on the 
parabola.) 0 = 4 is a false statement. Shade inside the parabola. 





The solution is the intersection of the two shaded regions. 


2 ve 
' Example 2 Graph the solution set. A. y > x? B. s = = =n 
Ye XZ ety 
» Graph the solution set of each inequality. 


Solution A. 





» y = x* is the equation of a parabola. Use a 
dashed line, Shade inside the parabola. 

x Py =x+t2is the equation of a line. Use a 

dashed line. Shade below the line. 


The solution set is the region of the plane represented by the 
intersection of the solution sets of each inequality. 


B. » Graph the solution set of each inequality. 
oe a = lis the equation of a hyperbola. 


Use a solid line. The point (0, 0) should not 
be in the shaded region. 

px’ + y? = 4 is the equation of a circle. Use 
a solid line. Shade inside the circle. 





The solution sets of the two inequalities do not intersect. This 
system of inequalities has no real number solution. 


Problem 2 Graph the solutionset. A. a fr £ Srl: = a5 r = 
Xo ye x gti 9 


Solution See page S41. 


fi 
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Determine whether the following statements are always true, sometimes true, or 
never true. 


1. The graph of a quadratic inequality in two variables is a region of the plane 
that is bounded by one of the conic sections. 


2. The solution set of a nonlinear system of inequalities is the union of the so- 
lution sets of the individual inequalities. 


3. The point (0, 0) is a solution of the inequality x? + y? > 4. 


4. The solution set of a quadratic inequality in two variables that is bounded by 
a hyperbola includes the asymptotes of the hyperbola. 


5. The solution set of a quadratic inequality in two variables that is bounded by 
a conic section includes the boundary. 


6. The solution set of a nonlinear system of inequalities is the empty set. 





EXERCISES 14.5 





Graph the solution set. 


1 ysx?-4e +3 2. 3. (<x—1P + (y+ 2ps9 





Ate) yi 3) 4 BG alae (2) 9 6. 


10. a Age 
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Io wy, ore 8 a= tye | 


16. 
19. 21. 
22s 24. 








/é How can you determine which region to shade for the solution set of a 


* nonlinear inequality? 


Ss 


26. 4 How is the solution set drawn for a nonlinear inequality that uses < or 


io 


* 2 different from the solution set drawn for a nonlinear inequality that 
uses < or >? 
Graph the solution set. 


27: Y Soa 4 
y+tx>a4 





RIS 
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—633. <= yo oye? 34. oe ee yee 25 35. 
= 2x — 
Yy x—2 y<—Zx+2 





36. 37. xe ty?>4 


ey 


38. 





APPLYING CONCEPTS 14.5 





Graph the solution set. 

Boy yx 13 40. : 
yas 
x < 0 x 





45. 





48. 49, 


Gna 50. ici 
1 2x + Sy = 6 


} =], 
ae 
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ocus on Problem Solving 


Use a Variety of Problem-Solving Strategies 


We have examined several problem-solving strategies throughout the text. See if 
you can apply those techniques to the following problems. 


1. 


. Determine the number of possible paths from A to B 


. Can the checkerboard at the right be covered with 


Eight coins look exactly alike, but one is lighter than the others. Explain how 
the different coin can be found in two weighings on a balance scale. 


. For the sequence of numbers 1, 1, 2, 3, 5, 8, 13, ... , identify a possible pattern 


and then use that pattern to determine the next number in the sequence. 


. Arrange the numbers 1, 2, 3, 4, 5, 6, 7, 8, and 9 in the squares 


at the right so that the sum of any row or diagonal is 15. 
(Suggestion: Note that 1, 5, 9; 2, 5, 8; 3, 5, 7; and 4, 5, 6 all add 
to 15. Because 5 is part of each sum, this suggests that 5 be 
placed in the center of the squares.) Lei hae 





. Arestaurant charges $5.00 for a pizza that has a diameter of 9 in. Determine the 


selling price of a pizza with a diameter of 18 in. so that the selling price per 
square inch is the same as for the 9-inch pizza. 


- You have a balance scale and weights of 1 gram, 2 grams, 4 grams, 8 grams, 


and 16 grams. Using only these weights, can you weigh something that weighs 
7 grams? 12 grams? 


for the grid at the right. A path consists of moves right 
or up along one of the grid lines. 





dominos (which look like ) so that every square on 
the board is covered by a domino? Why or why not? 
(Note: The dominos cannot overlap.) 








7 Graphing Conic Sections Using a Graphing Utility 


x2 


Consider the graph of the ellipse ie _ = 1 shown on the next page. Because a 


vertical line can intersect the graph at more than one point, the graph is not the 
gtaph of a function. And because the graph is not the graph of a function, the 
equation does not represent a function. Consequently, the equation cannot be 
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entered into a graphing utility to be graphed. However, by solving the equation 
for y, we have 





There are two solutions for y, which can be written 


x2 2 


Vile) Gig ko NO eve oq t 


Each of these equations is the equation of a function and therefore can be entered 


into a graphing utility. The oe of y, = 34/1 =— is shown in blue at the left, and 





the graph of y, = —3,/1 — x is shown in red. Note that, together, the graphs are 
the graph of an ellipse 


y 


A similar technique can be used to graph a hyperbola. To graph = ¥ — 1, solve 


+ x 
te Giles st x for y. Then graph each equation, y, = 2fe-1 and y, = —2, fe me 


Guidelines for using graphing calculators are found in the Appendix. In working 
through these examples or the exercises below, consult the Appendix or the user’s 
manual for your particular calculator. 


oo 


i 





& 
Sikeammmnommemntand 


ee 





3 
é 


-4 mts each equation for y. Then oe using a graphing utility. 
: 3 a e ae oe 2 ae 
fie 5 a =1 Bee ses] 3. - pa 4. eer: 1 





Key Words 


Conic sections are curves that can be constructed from the in- 
tersection of a plane and a cone. The four conic sections are the 
parabola, circle, ellipse, and hyperbola. (Objective 14.1.1) 





Parabola Circle Ellipse Hyperbola 


The asymptotes of a hyperbola are the two straight lines that are 
“approached” by the hyperbola. As the graph of the hyperbola 
gets farther from the origin, the hyperbola gets “closer to” the 
asymptotes. (Objective 14.3.2) 





Asymptotes 
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A nonlinear system of equations is a system in which one or more x+y? = 16 
of the equations are not linear equations. (Objective 14.4.1) y=x*-2 
The graph of a quadratic inequality in two variables is a region of Yoh eee ee 


the plane that is bounded by one of the conic sections. 
(Objective 14.5.1) 





Essential Rules and Procedures 


Equation of a parabola (Objective 14.1.1) 
y =ax’+bx+c 

When a > 0, the parabola opens up. 

When a < 0, the parabola opens down. 


The x-coordinate of the vertex is -~. 
The axis of symmetry is the line x = a 
x=ay’+by+c 

When a > 0, the parabola opens to the right. 
When a < 0, the parabola opens to the left. 


: : b 
The y-coordinate of the vertex is oes 





The axis of symmetry is the line y = — e 


2a’ 


x =2y?—4y+1 


Equation of acircle (Objective 14.2.1) (x= 2)? + ty + 17 = 
(x -hY +ty-kP=r’ (h, k) = (2, -1) 
The center of the circle is (h, k), and the radius is r. r=3 


N 


Equation of an ellipse (Objective 14.3.1) x a a =1 
x? y? 
Sy ar See Al : 
a x-intercepts: 
The x-intercepts are (a, 0) and (—a, 0). (3, 0) and (—3, 0) 
The y-intercepts are (0, b) and (0, —b). ; 
y-intercepts: 
(0, 1) and (0, —1) 
Equation of ahyperbola (Objective 14.3.2) = = £ =1 
= oe Se =1 Vertices: 


An axis of symmetry is the x-axis. (3, 0) and (—3, 0) 
The vertices are (a, 0) and (—a, 0). Asymptotes: 


re Z 
= 3% and y = —5x 


ie 

b2 a =1 
An axis of symmetry is the y-axis. 
The vertices are (0, b) and (0, —b). 


The equations of the asymptotes are y = x and y = —?x. 





Find the vertex and axis of symmetry of the 
parabola y = x* — 4x + 8. 


Sketch a graph of y = —2x* + x — 2. 





Find the equation of the circle that passes 


through the point P(2, —1) and whose center is 
the point C(—1, 2). 


Sketch a graph of (x + 3)? + (y+ 1? = 1. 
S zy + 


hes 





Find the equation of the circle that passes 
through the point P(4, 6) and whose center is the 
point C(0, —3). 


ie 


10. 
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2 2 


ie eave 
1 4 i 
Vertices: 


(0, 1) and (0, —1) 
Asymptotes: 





y = 5x and y = —3x 


hapter Review Exercises 





Find the vertex and axis of symmetry of the 
parabola y = —x* + 7x — 8. 


Sketch a graph of x = 2y” — 6y + 5. 





Find the equation of the circle with radius 6 and 
center C(—1, 5). 


Sketch a graph of x? + (y — 2)? = 9. 


een : 





Write the equation x? + y? + 4x — 2y=4 in 
standard form. 
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x2 y? 
if, pea a graph of = + “5 = i: 


. 2 2 
13. Sketch a graph of a im - =1. 
“ x 





15. Solve: y = x? + 5x — 6 
iaex — 10 


17. Solve: x =2y? —3y+1 
on 2y = 0 


19. Graph the solution set: (x — 2)? + (y + 1)? = 16 


Zi. 


23. 


2 a 
25. Graph the solution set: = ts - 2A 
i 
x? y’ 
nae 





TZ 


14. 


16. 


18. 


20. 





26. 





SEN a graph of = rt - = 1. 





Solve: 2x? + y? = 19 
3x7 — y> =6 


Solve: y? = 2x? — 3x + 6 
Y= 2x be 2 


Nn 


o/%, 
| 
als 
A 
— 


Graph the solution set: 


Graph the solution set: — + 4 <4 


11. 


13. 





hapter Test 
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Find the axis of symmetry of the parabola 
Y =x Ox: 


Sketch a graph of y = 5x x eds 


peapyed iva sa x 





Find the equation of the circle with radius 4 and 
center C(—3, —3). 


Solve: x = 3y? + 2y — 4 
x=y? — 5y 


Find the equation of the circle that passes 
through the point P(2, 4) and whose center is the 
pome G1, —3). 


Find the equation of the circle with radius 3 and 
center C(—2, 4). 


Write the equation x* + y? — 4x + 2y+1=0 
in standard form, and then sketch its graph. 


ay 








2. Find the vertex of the parabola 


10. 


12. 


14. 


y = —x? + 3x -— 2. 


Sketch a graph of x = y? — y — 2. 





Solve: x? + 2y?=4 


Atay ee a, 
Solve: x? —y?=24 
2x? + 5y? = 55 


Sketch a graph of (x — 2)? + (y + 1)? = 9. 


4 


Find the equation of the circle that passes 
through the point P(2, 5) and whose center is the 
point C(—2, 1). 


y’ x? 
pketcD a graph of 5= — 7, = 1. 


Ned 
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15. Sketch a graph of = — £ = 
5. stese eraP eo ea 
2 2 
ae 
we 19925) . 
v 2 
19. Graph the solution set: = ste + sl 
: 





16. 


18. 


20. 


oe ¥ 
Sketch a graph of =7 + “7 = 1. 
oe 





Graph the solution set: x? + y? < 36 






On xray A 
: 56 y’ 
_— — ——_ > 
oe the solution set: 6 16 I 
gh r?+ys9 
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Appendix: Guidelines for Using Graphing Calculators 
————— ees Srapning Valculators 


TEXAS INSTRUMENTS TI-83 


To evaluate an expression 


a. 


Press the key. A menu showing \Y1 = through \Y7 = will be displayed ver- 
tically with a blinking cursor to the right of \Y1 =. Press , if necessary, 
to delete an unwanted expression. 


. Input the expression to be evaluated. For example, to input the expression 


—3a’b — 4c, use the following keystrokes: 


[)] 3 [ALPHA] a [A] 2 [ALPHA] B [<] 4 [ALPHA] c [2nd] QUIT 


Note the difference between the keys for a negative sign and a minus sign 


Cc. 


Store the value of each variable that will be used in the expression. For ex- 
ample, to evaluate the expression above when a = 3, b = —2, andc = —4, use 
the following keystrokes: 


3 [STO> | [ALPHA] A [ENTER] [(-)] 2 [STO>] [ALPHA] B [ENTER] [)] 4 [STOS] 
[ALPHA] C [ENTER] 


These steps store the value of each variable. 


d. 


Press [>] ENTER]. The value for the expression, Y1, for the 


given values is displayed; in this case, Y1 = 70. 


To graph a function 


a. 


10 


Press the key. A menu showing \Y1 = through \Y7 = will be displayed ver- 
tically with a blinking cursor to the right of \Y1 =. Press [CLEAR], if necessary, 
to delete an unwanted expression. 


. Input the expression for each function that is to be graphed. Press to 


input x. For example, to input y = x° + 2x? — 5x — 6, use the following key- 
strokes: 


[xen] [A] 3 +] 2 Kren] [A] 2 (2) 5 Kren] [16 

Set the domain and range by pressing [WINDOW]. Enter the values for the 
minimum x-value (Xmin), the maximum x-value (Xmax), the distance 
between tick marks on the x-axis (Xscl), the minimum y-value (Ymin), the 
maximum y-value (Ymax), and the distance between tick marks on the y-axis 
(Yscl). Now press [GRAPH]. For the graph shown at the left, Xmin = —10, 
Xmax = 10, Xscl = 1, Ymin = —10, Ymax = 10, and Yscl = 1. This is called 
the standard viewing rectangle. Pressing [6] is a quick way to set the 
calculator to the standard viewing rectangle. Note: This will also immediately 
graph the function in that window. 


. Press the key. The equal sign has a black rectangle around it. This indi- 


cates that the function is active and will be graphed when the key is 
pressed. A function is deactivated by using the arrow keys. Move the cursor 
over the equal sign and press [ENTER]. When the cursor is moved to the right, 
the black rectangle will not be present and that equation will not be active. 
Graphing some radical equations requires special care. To graph the function 
y = V2x + 3, enter the following keystrokes: 


[y=] [2nd] V2 [xT] [+] 3D] 
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The graph is shown below. 
10 


-10 10 


-10 


To display the x-coordinates of rectangular coordinates as integers 

a. Set the viewing window as follows: Xmin = —47, Xmax = 47, Xscl = 10, 
Ymin = —31, Ymax = 31, Yscl = 10. 

b. Graph the function and use the TRACE feature. Press and then move 
the cursor with the L<] and [] keys. The values of x and y = f(x) displayed 
on the bottom of the screen are the coordinates of a point on the graph. 


To display the x-coordinates of rectangular coordinates in tenths 
a. Set the viewing window as follows: [4] 
b. Graph the function and use the feature. Press and then move 


the cursor with the [<1] and [> ] keys. The values of x and y = f(x) displayed 
on the bottom of the screen are the coordinates of a point on the graph. 


To evaluate a function for a given value of x, or to produce ordered pairs 
of a function 


a. Input the equation; for example, input Y1 = 2x? — 3x + 2. 


. Press QUIT. 


b 

c. Input a value for x; for example, to input 3 press 3 [ENTER]. 

d. Press [>] [ENTER]. The value for the expression, Y1, for the 
given x-value is displayed, in this case, Y1 = 47. An ordered pair of the func- 
tion is (3, 47). 

e. Repeat steps c. and d. to produce as many pairs as desired. The TABLE fea- 
ture of the TJ-83 can also be used to determine pairs. 


ZOOM FEATURES 


To zoom in or out on a graph 


a. Here are two methods of using ZOOM. The first method uses the built-in fea- 
tures of the calculator. Move the cursor to a point on the graph that is of 
interest. Press [ZOOM]. The ZOOM menu will appear. Press to 
zoom in on the graph by the amount shown under the SET FACTORS menu. 
The center of the new graph is the location at which you placed the cursor. 
Press to zoom out on the graph by the amount under the 


SET FACTORS menu. (The SET FACTORS menu is accessed by pressin 
(SI (8].) a 


b. The second method uses the ZBOX option under the ZOOM menu. To use 


this method, press [1]. A cursor will appear on the graph. Use the 
arrow keys to move the cursor to a portion of the graph that is of interest. 
Press [ENTER]. Now use the arrow keys to draw a box around the portion of 
the graph you wish to see. Press [ENTER]. The portion of the graph defined by 
the box will be drawn. 

c. Pressing [6] resets the window to the standard 10 X 10 viewing 
window. 





rsection 
|.686141 
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‘SOLVING EQUATIONS 


This discussion is based on the fact that the solution of an equation can be 
related to the x-intercepts of a graph. For instance, the real solutions of the equa- 
tion x* = x + | are the x-intercepts of the graph of f(x) = x? — x — 1, which are 
the zeros of f. 


To solve x* = x + 1, rewrite the equation with all terms on one side. The equa- 
tion is now x? — x — 1 = 0. Think of this equation as Yi = x* — x — 1. The x- 
intercepts of the graph of Y1 are the solutions of the equation x? = x + 1. 


a. Enter x? — x — 1 into Y1. 


b. Graph the equation. You may need to adjust the viewing window so that the 
x-intercepts are visible. 


c. Press [2nd] CALC [2]. 


d. Move the cursor to a point on the curve that is to the left of an x-intercept. 


Press [ENTER], 


e. Move the cursor to a point on the curve that is to the right of an x-intercept. 


Press [ENTER], 
f. Press [ENTER], 


g. The root is shown as the x-coordinate on the bottom of the screen: in this 
case, the root is approximately —0.618034. To find the next intercept, repeat 
steps c. through f. The SOLVER feature under the MATH menu can also be 
used to find solutions of equations. 


SOLVING SYSTEMS OF EQUATIONS IN TWO VARIABLES 


To solve a system of equations 


y =x? = 1 


To solve ey 


z 
. Solve each equation for y. 
. Enter the first equation as Y1. For instance, Yi = x? — 1. 
g 3 1 
Enter the second equation as Y2. For instance, Y2 = 1 — 5%: 


. Graph both equations. (Note: The point of intersection must appear on the 
screen. It may be necessary to adjust the viewing window so that the point(s) 
of intersection are displayed.) 


e. Press CALE 3}: 

f. Move the cursor to the left of the first point of intersection. Press [ENTER]. 
g. Move the cursor to the right of the first point of intersection. Press [ENTER]. 
h. Press [ENTER]. 

The first point of intersection is (— 1.686141, 1.8430703). 

Repeat steps e. through h. for each point of intersection. 


a. 6 Gis 


i. 
j. 


FINDING MINIMUM OR MAXIMUM VALUES OF A FUNCTION 
a. Enter the function into Y1. The equation y = x* — x — 1 is used here. 


b. Graph the equation. You may need to adjust the viewing window so that the 
maximum or minimum points are visible. 


c. Press CALC [3] to determine a minimum value or press CALC [4] 
to determine a maximum value. 


d. Move the cursor to a point on the curve that is to the left of the minimum 


(maximum). Press [ENTER], 


-10 
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Move the cursor to a point on the curve that is to the right of the minimum 


e. 
(maximum). Press [ENTER]. 

f. Press [ENTER]. 

g. The minimum (maximum) is shown as the y-coordinate on the bottom of the 
screen; in this case the minimum value is —1.25. 

SHARP EL-9600 

To evaluate an expression 

a. The SOLVER mode of the calculator is used to evaluate expressions. To enter 
SOLVER mode, press SOLVER [CL]. The expression —3a*b — 4c must 
be entered as the equation —3a’*b — 4c = t. The letter t can be any letter other 
than one used in the expression. Use the following keystrokes to input 
—3a*b — 4c = t: 
[©] 3 [ALPHA] A [2®] 2 [2] [ALPHA] B [_ ] 4 [ALPHA] C [ALPHA] [= ] [ALPHA] 
Tr 
Note the difference between the keys for a negative sign (—) and a minus sign. 

b. After you press [ENTER], variables used in the equation will be displayed on 
the screen. To evaluate the expression for a = 3, b = —2, andc = —4, input 
each value, pressing after each number. When the cursor moves to T, 
press EXE. T = 70 will appear on the screen. This is the value of the 
expression. To evaluate the expression again for different values of a, b, and 
c, press QUIT and then SOLVER. 

c. Press a to return to normal operation. 

To graph a function 


a. Press the key. The screen will show Yi through Ys. 


To 
a. 
b. 


. Input the expression for a function that is to be graphed. Press to 


: 1 ‘ 
enter an x. For example, to input y = 3% — 3, use the following keystrokes: 


FS) EE) 1 2) 2 Dy) beat] (2) 3 (ENTER 


. Set the viewing window by pressing [WINDOW]. Enter the values for the mini- 


mum x-value (Xmin), the maximum x-value (Xmax), the distance between 
tick marks on the x-axis (Xscl), the minimum y-value (Ymin), the maximum 
y-value (Ymax), and the distance between tick marks on the y-axis (Yscl). 
Press after each entry. Press [GRAPH]. For the graph shown at the left, 
enter Xmin = —10, Xmax = 10, Xscl = 1, Ymin = —10, Ymax = 10, Yscl = 1. 


Press to return to the equation. The equal sign has a black rectangle 
around it. This indicates that the function is active and will be graphed when 
the key is pressed. A function is deactivated by using the arrow keys. 
Move the cursor over the equal sign and press [ENTER]. When the cursor is 
moved to the right, the black rectangle will not be present and that equation 
will not be active. 


- Graphing some radical equations requires special care. To graph the function 


y = V2x + 3, enter the following keystrokes: 
V2 36] 
The graph is shown at the left. . 


display the xy-coordinates as integers 
Press [>] 8. 
Graph the function. Press [TRACE].Use the left and right arrow keys to trace 
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along the graph of the function. The x- and y-coordinates of the function are 
shown on the bottom of the screen. 


To display the xy-coordinates in tenths 
a. Press 7. 


b. Graph the function. Press [TRACE].Use the left and right arrow keys to trace 
along the graph of the function. The x- and y-coordinates of the function are 
shown on the bottom of the screen. 


_ To evaluate a function for a given value of x, or to produce ordered pairs 
of the function 


a. Press [Y=]. Input the expression. For instance, input 


[v=] [CL] 2 Peer) [A] 3 [=] 3 Exar] [4] 2. Press [ENTER]. 
b. Press = . Store the x-coordinate of the ordered pair you want in [x/e/T/]. 


For instance, enter 3 [STO] ENTER], 


c. Press 1 [ENTER]. The value of y, 47, will be displayed on the 
screen. The ordered pair is (3, 47). The TABLE feature of the calculator can 
also be used to find many ordered pairs for a function. 


ZOOM FEATURES 


To zoom in or out on a graph 


a. Here are two methods of using ZOOM. The first method uses the built-in fea- 
tures of the calculator. Move the cursor to a point on the graph that is of 
interest. Press [ZOOM]. The ZOOM menu will appear. Press 3 to zoom in on 
the graph by the amount shown by FACTOR. The center of the new graph is 
the location at which you placed the cursor. Press 4 to zoom out on 
the graph by the amount shown in FACTOR. 


b. The second method uses the BOX option under the ZOOM menu. To use this 
method, press 2. A cursor will appear on the screen. Use the arrow 
keys to move the cursor to a portion of the graph that is of interest. Press 
[ENTER]. Use the arrow keys to draw a box around the portion of the graph 
you wish to see. Press [ENTER], 


SOLVING EQUATIONS 


This discussion is based on the fact that the real solutions of an equation can be 
related to the x-intercepts of a graph. For instance, the real solutions of 
x’ =x + 1 are the x-intercepts of the graph of f(x) = x2 — x — 1, which are the 
zeros of f. 


To solve x? =x +1, rewrite the equation with all terms on one side of the 
equation. The equation is now x?-—x-1=0. Think of this equation as 
Y1 = x? —x + 1 The x-intercepts of the graph of Yi are the solutions of the equa- 
tion x? =x + 1. 


a. Enter x* — x — 1 into Yi. 


b. Graph the equation. You may need to adjust the viewing window so that the 
x-intercepts are visible. 


c. Press CALC 5. 


d. A solution is shown as the x-coordinate at the bottom of the screen. To find 
another intercept, move the cursor to the right of the first x-intercept. Then 


press CALC 5. 
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10 


-10 


SOLVING SYSTEMS OF EQUATIONS IN TWO VARIABLES 


To solve a system of equations 
a. Solve each equation for y. 
b. Press and then enter both equations. 


c. Graph the equations. You may need to adjust the viewing window so that the 
point of intersection is visible. 


d. Press CALC 2 to find the point of intersection. Pressing CALC 2 
again will find another point of intersection. 


e. The x- and y-coordinates at the bottom of the screen are the coordinates for 
the point of intersection. 


FINDING MAXIMUM AND MINIMUM VALUES OF A FUNCTION 
a. Press and then enter the function. 


b. Graph the equation. You may need to adjust the viewing window so that the 
maximum (minimum) are visible. 


c. Press CALC 3 for the minimum value of the function or CALC 4 
for the maximum value of the fuction. 


d. The y-coordinate at the bottom of the screen is the maximum (minimum). 


CASIO CFX-9850G 


To evaluate an expression 

a. Press [5]. Use the arrow keys to highlight Y1. 

b. Input the expression to be evaluated. For example, to input the expression 
—3A’B — AC, use the following keystrokes: 
[)] 3 [ALPHA] A [27] [ALPHA] B [=] 4 [ALPHA] c [EXE] 


Note the difference between the keys for a negative sign and a minus sign 


c. Press 1. Store the value of each variable that will be used in the 
expression. For example, to evaluate the expression above when A = 3, 
B= -—2, and C = —4, use the following keystrokes: 


3 — [ALPHA] A [EXE] [C)] 2 > [ALPHA] B [EXE] [©] 4 — [ALPHA] c [EXE] 
These steps store the value of each variable. 
d. Press 1 [EXE]. 


The value of the expression, Yi, for the given values is displayed; in this case, 
Yi = 70. 


To graph a function 
a. Press Menu [5] to obtain the GRAPH FUNCTION Menu. 


b. Input the function that you desire to graph. Press to input the variable 
x. For example, to input Y1 = x? + 2x? — 5x — 6, use the following keystrokes: 


[xT] [A] 3 4] 2 eet) G2] (E15 Ket] ] 6 Exe) 


c. Set the viewing window by pressing and the Range Parameter 
Menu will appear. Enter the values for the minimum x-value (Xmin), maxi- 
mum x-value (Xmax), units between tick marks on the x-axis (Xscl), mini- 
mum y-value (Ymin), maximum y-value (Ymax), and the units between tick 
marks on the y-axis (Yscl). Press after each of the 6 entries above. 
Press [EXIT], or [QUIT], to leave the Range Parameter Menu. 


d. Press to draw the graph. For the graph shown at the left, Xmin = — 10, 
Xmax = 10, Xscl = 1, Ymin = —10, Ymax = 10, Yscl = 1. 
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e. In the equation for Y1, there is a rectangle around the equal sign. This indi- 
cates that this function is active and will be graphed when the key is 
pressed. A function is deactivated by using the key. After using this key 
once, the rectangle around the equal sign will not be present and that func- 
tion will not be graphed. 


To display the x-coordinates of rectangular coordinates as integers 


a. Set the Range as follows: For example, set Xmin = —63, Kmax = 63, 
Xscl = 10, Ymin = —32, Ymax = 32, Yscl = 10. 

b. Graph a function and use the Trace feature. Press and then move the 
cursor with the [<1] and the keys. The values of x and y = f(x) displayed 
on the bottom of the screen are the coordinates of a point on the graph. 
Observe that the x-value is given as an integer. 


To display the x-coordinates of rectangular coordinates in tenths 


a. Set the Range as follows: For example, set Kmin = —6.3, Xmax = 6.3. A 
quick way to choose these range parameter settings is to press from the 
V-Window Menu. 

b. Graph a function and use the Trace feature. Press and then move the 
cursor with the [<1] and the [2] keys. The values of x and y = f(x) displayed 
on the bottom of the screen are the coordinates of a point on the graph. 
Observe that the x-value is given in tenths. 


To evaluate a function for a given value of x, or to produce ordered pairs 
of the function 


a. Press [5]. 
b. Input the function to be evaluated. For example, input 2x3 — 3x + 2 into Y1. 
c. Press Ae 
d. Input a value for x; for example, to input 3 press 
33 
e. Press 1 [EXE]. 
The value of Y1 for the given value x = 3 is displayed. In this case, Y1 = 47. 


ZOOM FEATURES 


To zoom in or out on a graph 


a. After drawing a graph, press Zoom to display the Zoom/Auto Range 

menu. To zoom in on a graph by a factor of 2 on the x-axis and a factor of 1.5 
on the y-axis: 
Press to display the Factor Input Screen. Input the zoom factors for each 
axis: 2 1) 5 [EXIT]. Press to redraw the graph according to 
the factors specified above. To specify the center point of the enlarged (re- 
duced) display after pressing Zoom, use the arrow keys to move the 
pointer to the position you wish to become the center of the next display. You 
can repeat the zoom procedures as needed. If you wish to see the original 
graph, press [F1]. This procedure resets the range parameters to their 
original values and redraws the graph. 


b. A second method of zooming makes use of the Box Zoom Function. To use 
this method, first draw a graph. Then press Zoom [F1]. Now use the 
arrow (cursor) keys to move the pointer. Once the pointer is located at a por- 
tion of the graph that is of interest, press [EXE]. Now use the arrow keys to 
draw a box around the portion of the graph you wish to see. Press [EXE]. The 
portion of the graph defined by the box will be drawn. 
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SOLVING EQUATIONS 


This discussion is based on the fact that the real solutions of an equation car 
be related to the x-intercepts of a graph. For instance, the real solutions o} 
x? =x + 1 are the x-intercepts of the graph of f(x) =x? — x — 1, which are the 
zeros of f. 


To solve x? = x + 1, rewrite the equation with all terms on one side. The equa 
tion is now x*-—x-—1=0. Think of this equation as Y1 = x? — x — 1. The 
x-intercepts of the graph of Y1 are the solutions of the equation x* = x + 1. 

a. Enter x? — x — 1 into Y1. 

b. Graph the equation. You may need to adjust the viewing window so that the 
x-intercept is visible. 

c. Press G-SOLV [Fi]. 

d. The root is shown as the x-coordinate on the bottom of the screen; in this 
case, the root is approximately —0.618034. To find the next x-intercept, press 
the right arrow key. 

The EQUA Mode (Press A) can also be used to find solutions of 

linear, quadratic, and cubic equations. 





SOLVING SYSTEMS OF TWO EQUATIONS IN TWO VARIABLES 


The following discussion is based on the concept that the solutions of a system 

of two equations are represented by the point(s) of intersection of the graphs. 
2 

Y =X eet 


Oe ea will be solved. 
2 


The system of equations 


a. Solve each equation for y. 


b. Enter the first equation in the Graph Menu as Yi. For instance, let 
Yi=x*—1. 


c. Enter the second equation as Y2. For instance, let Y2 = 1 — oe. 


Intersection d 


X= 6S6Iul - Graph both equations. (Note: The point of intersection must appear on the 


screen. It may be necessary to adjust the viewing window so that the point of 
intersection that is of interest is the only intersection point that is displayed.) 


e. Press G-SOL [EXE]. 


f. The display will show that the graphs intersect at (—1.686141, 1.8430703). To 
find another point of intersection, repeat step e. 





FINDING MINIMUM OR MAXIMUM VALUES OF A FUNCTION 

a. Enter the function into the graphing menu. For this example we have used 
V= 2. x 1. 

b. Graph the function. Adjust the viewing window so that the maximum or min- 
imum is visible. 


c. Press G-SOL for a maximum and for a mini- 


mum 


d. The local maximum (minimum) is shown as the y-coordinate on the bottom 
of the screen; in this case, the minimum value is —1.25. 


Table of Symbols _ 


a 


+ 


add 


a subtract 

‘+, X,(a)(b) multiply 

e +,a)b divide 

C) parentheses, a grouping symbol 

[J brackets, a grouping symbol 

7 pi, a number approximately equal to = 
or 3.14 ‘ 

7a the opposite, or additive inverse, of a 

: the reciprocal, or multiplicative inverse, of a 

= is equal to 

i is approximately equal to 

A is not equal to 


‘Table of Measurement Abbreviations 


IA 


\V 


(a, b) 
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is less than 

is less than or equal to 

is greater than 

is greater than or equal to 


an ordered pair whose first component is a and 
whose second component is b 


degree (for angles) 

the principal square root of a 
the empty set 

the absolute value of a 

union of two sets 
intersection of two sets 

is an element of (for sets) 


is not an element of (for sets) 


U.S. Customary System 


Length Capacity Weight Area 
in. inches oz fluid ounces Oz ounces in? square inches 
ft feet c cups Ib pounds Et square feet 
yd yards qt quarts yd? _—s square yards 
mi miles gal _ gallons mi? square miles 
Metric System 

Length Capacity Weight/Mass Area 
mm _ . millimeter (0.001 m) ml milliliter (0.001 L) mg milligram (0.001 g) cm? square 

centimeters 
cm centimeter (0.01 m) cl centiliter (0.01 L) cg centigram (0.01 g) m* square meters 
dm decimeter (0.1 m) dl deciliter (0.1 L) dg decigram (0.1 g) 
m meter L liter g gram 
dam decameter (10 m) dal __ decaliter (10 L) dag decagram (10 g) 
hm hectometer (100 m) hl hectoliter (100 L) hg hectogram (100 g) 
km kilometer (1000 m) kl kiloliter (1000 L) kg kilogram (1000 g) 

Time 

h hours min minutes s seconds 
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SECTION 1.1 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


You Try It 5 


You Try It 6 


You Try It 7 


Solutions to Chapter lsyourtryalt- 


Replace y by each of the elements of 
the set and determine whether the in- 
equality is true. 

eet 
=—5:> —1 False 
—1> -1 False 

> ire 


The inequality is true for 5. 


Replace z by each element of the 
set and determine the value of the 
expression. 


=o |z| 
(11) = 11/5. 0M 11 
—(0) =0 \0| = 0 
~(8) = -8 |8| = 8 


100 + (—43) = 57 


(—51) + 42 + 17 + (—102) 
= —9+ 17 + (—102) 
= 8 + (—102) 
= —94 


19°=(= 32) -=19 4432 
= 51 


-~9—(-12)-17-4 
= -9 + 12 + (-17) + (-4) 
= 3+(-17) + (-4) 
—14 + (-4) 
= -18 


8(—9)10 = —72(10) 
= ~720 


You Try It 8 


You Try It 9 


You Try It 10 


You Try It 11 


You Try It 12 
Strategy 


Solution 


Solutions to You Try It $1 


(—2)3(—8)7 = —6(—8)7 
= 48(7) 
= 336 


(=139) =(€9) =15 


To find the average low 
temperature: 


e Add the seven temperature 
readings. 


e Divide the sum by 7. 


26 (27) +04 5) ce (8) Fe De 28 


SECTION 1.2 


You Try It 1 


You Try It 2 


—28+7=-4 


The average daily low temperature 
was —4°C, 


© 
= 
° 
S 
S 

ol 

ll 

° 
5 


1 125 5 
125% = 125(=55) = Adan ia 


125% = 125(0.01) = 1.25 





$2 Chapter 1 


1 1 
You Try It 3 ae (100%) 
100 1 
= eee = 33; % 


YouTrylt4 0.043 = 0.043(100%) = 4.3% 


You Try!It5 The LCM of 8, 6, and 4 is 24. 


Teetbite 33 Diiee20. 18 
Se 
S16 4 D494 24 
eel’ 
74 048 4 
_ -21-20+ 18 
m 24 
_ 723 _ 23 
Died 


You Try It 6 16.127 — 629} 
16.02754+ (67.91) 
—S12183 


ll 








You Try It 7 
The quotient is positive. 
oe | 2) 3. 12 
Cee eas 
ele 
8-5 
eet 
ae ns 
Deer) Sue hO 
fowl 
You Try It 8 5.44 
xX 3.8 
4352 
1632 
20.672 


—5.44(3.8) = —20.672 


You Try It 9 
—63 = -(6- 6-6) = —216 





You Try It 10 
(= 3) Lala 3)a3) aed a3) paenSd 


You Try It 11 
HE22= GOO" CDEeVde) 
= 27(—8) = —216 


You Try It 12 


You Try It 13 
—3(0.3)? = —3(0.3)(0.3)(0.3) 

= —0.9(0.3)(0.3) 
—0.27(0.3) = —0.081 


You Try It 14 
—§V32=—5V2? = =5V2"2 = —5V V2 
=-5-2?V2 = -20V2 


You Try It 15 
V216 =V/ 23 = 7 37) 
=i \V/ 27-3’ Nie aa res 2 oe 


You Try It 16 


Strategy To find the percent of the popula- 
tion that is in the baby-boomer 
generation: 


° Find the total population by 
adding the numbers in all four 
generations. 


° Divide the number of people in the 
baby-boomer generation 
(77.6 million) by the total 
population. 


Solution 72.4 + 44.6+°77.6 + 68.3 = 262.9 


The population of the United States 
is 262.9 million. 
TRO 


uae Cepek =~ 220 
362.9 0.295 = 30% 


The baby boomers make up abort 
30% of the population of the United 
States. 


b 


sa 
SECTION 1.3 

You Try It 1 1S 5(8— 2(2-—" 5) = "10 

= 18 — 5 [8 — 2(-3)] + 10 
| = 18 — 5[8 + 6] + 10 


= 18 — 5[14] + 10 
= 18-— 70+ 10 
= 18-7 

=11 


You Tryit2 36 +(8—5)? —(-3)*?:2 
—6r 3) G3) 2 


=36+9-9-2 
=4-9-2 
=4-18 
=-14 


You TryIt3 (6.97 — 4.72)? - 4.5 + 0.05 
= (2.25) 4.5.-2.0:05 
= 5.0625 - 4.5 + 0.05 
= 22.78125 + 0.05 





= 455.625 
SECTION 1.4 
a+b? 
You Try It 1 eb 


523) 2d 9 
5 (H3) 5 (—3) 
34 
oe 
= 17 


Solutions to You Try It $3 


YouTrylt2 x? —2(x+y) +2? 


Cygne 3) 
Be) eae aD) 8) 
= 8 -2(-2)+9 
=8+4+9 
=12+9 
=i 


YouTryit3 3a -—2b-—5a+ 6b =-—2a+ 4b 


YouTryilt4 —3y?+7+ 8y?- 14=5y?—-7 


YouTrylt5 —5(4y?) = —20y? 


You Try It 6 —7(—2a) = 14a 


You Try It 7 (—5x)(—2) = 10x 


You Try It 8 —8(—2a + 7b) = 16a — 56b 


YouTryiIt9 (3a-—1)5=15a—-5 


You Try It10  2(x? —x + 7) = 2x?- 2x + 14 


You Try It11. 3y — 2(y — 7x) = 3y — 2y + 14x 


= 14x +y 
You Try It 12 
—2(x — 2y) — (-x + 3y) = —2x + 4y +x — 3y 
Ee a 
You Try It 13 


3y — 2[x — 4(2 — 3y)] = 3y — 2x — 8 + 12y] 
3y — 2x + 16 — 24y 
xe — Diy 16 








S4 ~~ Chapter 2 
You Try It14 the unknown number: x You Try It 6 
the difference between 
the number and sixty: x — 60 
5(x 4.60) sox 300 You Try It7 
You Try|It 15 the speed of the older model: s You Try ft8 
the speed of the new model: 2s 
You Try It 16 the length of the longer piece: L 
the length of the shorter piece: 
6-L You Try It 9 
SECTION 1.5 
YouTryit1 A={-9, -7, —5, -3, -1} 
YouTrylt2 A={1,3,5,...} You Try It 10 
YouTryit3 AUB={-2, —-1,0, 1, 2,3, 4} 
You Try It 4 CN D= (10, 16} 
You Try It 11 
YouTrylt5 ANB=@ 


{x|x < 59, x € positive even 
integers} 


{x|x > —3, x € real numbers} 


The graph is the numbers greater 
than!=2); 


-5-4-3-2-1 01234 5 


The graph is the numbers greater 
than —1 and the numbers less 
thank—=33 


=5 —4-3 —2=1.0 1 2 354 5 


The graph is the numbers less than or 
equal to 4 and greater than or equal 
to —4. 


S418 21 OM a2 eS mre 


The graph is the real numbers. 


2-4 — 3-21 Omen 2 Sera es 


| Solutions to Chapter 2 “You Try It” 


SECTION 2.1 


You Try It 1 


You Try It 3 
5 — 4x = 8x +2 


s-afF] ald) 


You Try It 2 


eel ee? 
4=4 


f. ; 
Yes, zisa solution. 


10x — x? = 3x -—10 You Try It 4 


10(5) — (5)?} 3(5) — 10 
D0 Zou ets 10 
25 #5 


No, 5 is not a solution. 


Se kes *S 

67a ees 
5 3 Ors 
—+l= —e roe 
6S ee ee 

Zoe 

TA 


29 
The ion is — 
solution is 54 


(31) ( 


The solution is —15. 


You Try It 5 


You Try It 6 


You Try It 7 
Strategy 


Solution 


4x — 8x =16 
—4x = 16 
ae 16 
<4 24 
x=-4 


The solution is —4. You Try It 4 


P-B=108 
1 
—B=18 Rigen 
6 Ae 6 


1 
6:>B=6:-1 
pone 1S 


B= 108 


18 is 165% of 108. 


To find the percent, solve the basic You Try It 5 
percent equation using B = 47.1 and 
A = 23.1. The percent is unknown. 
P-B=A 
P(47.1) = 23.1 
RGA). 23-1 
47.1 47.1 
P ~ 49.0% 


The March 1997 deficit was 49.0% of 
the March 1996 deficit. 


SECTION 2.2 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 6 
5x + 7= 10 
Sayer 1 = 10— 7 
5x = 3 
Ba 
ea 


UI] w ur] w 


x= 


3 
The solution is 5 


= (ilar Ske 
2 = ji) = iil iibse See 
—9 = 3x 
ra wide 
30) 28 
—-3=x 


You Try It 7 


The solution is —3. 


x-5+4*¢=25 


54—5=25 
5x -—-54+5=25+5 
5x. = 30 


Solutions to You Try It $5 


5x _ 30 
5 5 
x=6 


The solution is 6. 


5x + 4 — 6+ 10x 
5 lOc Oe 106 = 10x 


—-5x+4=6 
—5x+4-4=6-4 
5) a, 
be (2 
ue 5 
ee 
Rib hates 


The solution is -= 


5x —-10-—3x =6-— 4 
2x — 10) =16)— "4 
2x + 4x -10=6-— 4x + 4x 


6x — 10 =6 
6x —-10+ 10 =6+ 10 
6x = 16 
6x 16 
6 6 
ago 
aes 


8 
The solution is 3° 


5x — 4(3 — 2x) = 2(3x -— 2) + 6 
5x — 12+ 8k = 6x-4+6 
13x — 12 = 6x + 2 
13% — 6x — 12 = 6x — 6x + 2 


Kale 2. 
7x —124+12=2+ 12 
7x = 14 
xe 14 
Zo eT. 
x=2 


The solution is 2. 


—2[3x — 5(2x — 3)] = 3x - 8 
—2[3x — 10x + 15] = 3x - 8 
—2[-7x + 15] = 3x - 8 
14x — 30 = 3x - 8 

14x — 3x — 30 = 3x — 3x — 8 


11x — 30 = -8 

lix — 30 + 30 = —8 + 30 
lix = 22 
lax _ 22 
1 wil 44 
Ki 2 


The solution is 2. 








S6 —s Chapter 2 





You Trylt8 the smaller number: n Solution 
the larger number: 14 — n 
one more than the sum of the 
three times the l larger number 
smaller number Prins and three 
3n+1=(14-n)+3 
sn P= 17 —n 
3n+n+1=17-nin 
Ane P=17 You Try It 3 
4n-eal — 17 = 1 Strategy 
4n = 16 
4n _ 16 
4 4 
n=4 


14-n=14-4=10 
These numbers check as solutions. 


The smaller number is 4. 
The larger number is 10. 


Solution 
SECTION 2.3 
You Try It 1 
Strategy © Pounds of $.55 fertilizer: x 
You Try It 4 
Strategy 





e The sum of the values before 
mixing equals the value after 
mixing. 


Solution 0.80(20) + 0.55x = 0.75(20 + x) ; 
16450:554:= 15-4 .0.75x 
160.20%= 15 
—0.20x = -1 Solution 
= 5 
5 lb of the $.55 fertilizer must be 
added. 
You Try It 2 
Strategy e Liters of the 6% solution: x 
You Try It 5 
Strategy 





° The sum of the quantities before 
mixing equals the quantity after 
mixing. 








0.06x + 5(0.12) = 0.08(% + 5) 
0.06x + 0.60 = 0.08x + 0.40 
0.06x + 0.20 = 0.08x 

0.20 = 0.02x 
10=x 


The pharmacist adds 10 L of the 6% 
solution to the 12% solution to get an 
8% solution. 


e Additional amount: x 


rec ining lich ii ia a a 


e The sum of the interest earned by 
the two investments equals 9% of 
the total investment. 


0.08(5000) + 0.11x = 0.09(5000 + x) 
400 + 0.11x = 450 + 0.09x 
400 + 0.02x = 450 
0.02x = 50 
x = 2500 


5 


$2500 more must be invested at 11%. 


e Rate of the first train: r | 
Rate of the second train: 2r 


e The sum of the distances traveled 
by the two trains equals 288 mi. | 


3r + 3(2r) = 288 | 





3r + 6r = 288 
Or = 288 

r = 32 ) 

2r = 2(32) = 64 


The first train is traveling at 32 mph. ; 
The second train is traveling at 64 mph. — 


° Time spent flying out: t i 
Time spent flying back: 5 — t 





e The distance out equals the 
distance back. 
150¢ = 100(5 — 2) 
150¢ = 500 = 1007 
250t = 500 
t = 2 (The time out was 2 h.) 


Solution 


The distance out = 150t = 150(2) = 
300 mi. 


The parcel of land was 300 mi away. 


SECTION 2.4 


2x-1<6x+7 
—44 —1<7 
—4x <8 
—4x 8 
—————-—- > 
—4 —4 
eee) 
(le = 92) 


You Try It 1 


iG eed 832) 
Bye = 2s Gl = she se © 
Dee OR 
Sir 210 

Sx 12 

ye I 

eres at 


8 8 


XK Se 


Z 


=) 


—2<5*%4+3=13 
—2-355x+3-3=13-3 

—5 =5%= 10 

eee JO 

5 5 5 


You Try It 2 


You Try It 3 


2 =e Wes or Sib 2% > 7 
= sh © Dee, 
eS. 38 => A 
{x|jo< —3) (cia 1} 
{xlx =< —3} Utx|x > 1] 
= (ale 3 or cessL} 


You Try it 4 


You Try it 5 


Strategy To find the maximum number of miles: 


e Write an expression for the cost of 
each car, using x to represent the 
number of miles driven during the 
week. 

e Write and solve an inequality. 


Solutions to You Try It $7 


Solution 


Cost of a is Cost of a 
Company A | less Company B 
car than car 





87) + 010% =10(7) + 008% 
a0 + 010% 70+ 0.08% 
56 42.0) 10% — 0.08% = 70: 0.08% — 0.08% 
J0010.02¢ =, 70 
50) — 50-2, 0.02% <-70 — 56 
0.02x < 14 
0.02x 14 
eee 
0.02 0.02 
x < 700 


The maximum number of miles is 699. 


SECTION 2.5 
YouTrylt1 [2x —3|=5 
2) a 
2 = 78 2x 2 
x=4 ol 


The solutions are 4 and —1. 





YouTrylt2 5-—(|3x+5|=3 
—|3x+5| =—2 
\3a+5| . =2 
Sioa ee Bins 
3x = -3 Sia 
1 vi 
= — x=- 
i 3 
g ii 
The solutions are —1 and ay 
YouTrylt3 |3x+2|<8 
—-8<3x+2<8 
iS ee 
—10 < 3x <6 
-10 3x (6 
aaa 
—-—<x<2 
3 
10 
—-—<x<2 
{x pcs | 
YouTryit4 |5x«+3|>8 
5c 4+ 3 =< —Sehome7 = 8 
Bee — 1h 5x > 5 
ose eel 
o> as 
11 
{> < 4 frie 1) 
(Continued on page S8) 








S8 = Chapter 3 


{zl < -4| Wie 319 


11 
= ok er 1 


You Try It 5 


Strategy Let b represent the desired diameter 
of the bushing, T the tolerance, and 
d the actual diameter. Solve the 
absolute value inequality |d — b| = T 
for d. 


Solution |\d-b| ST 
|d — 2.55| < 0.003 
—0.003 sd — 2.55 = 0.003 
—0.003' + 2.55 =d.— 2355.4) 2135= 0.003 + 2:55 
2.547 =d = 2.553 


The lower and upper limits of the 
diameter of the bushing are 2.547 in. 
and 2.553 in. 


| Solutions to Chapter 3 “You Try It” 


SECTION 3.1 
You Try It 1 ORGIRSEtt Sin Ol 
24+ RS + 17 = 62 
41 + RS = 62 
RS = 21 
RS = 21 cm 


You Trylt2 AC=AB+BC 
AC = . (BC) + BC 


AC = = (16) + 16 


AC=4+ 16 
AC = 20 
AC = 20 ft 


You Try It 3 


Strategy | Supplementary angles are two angles 
whose sum is 180°. To find the 
supplement, let x represent the 
supplement of a 129° angle. Write 
an equation and solve for x. 


Solution x + 129° = 180° 
=e 


The supplement of a 129°angle is 
a 51° angle. 


You Try It 4 


Strategy To find the measure of Za, write an 
equation using the fact that the sum 
of the measure of Za and 68° is 118°. 
Solve for Za. 


Solution HOt O8ia—ellse 
Za = 50° 


The measure of Za is 50°. 


You Try It 5 


Strategy The angles labeled are adjacent angles 
of intersecting lines and are, therefore, 
supplementary angles. To find x, write 
an equation and solve for x. 


Solution (x + 16°) + 3x = 180° 
4x + 16° = 180° 
4x = 164° 

x = 41° 


You Try It 6 


Strategy 3x = y because corresponding angles 
have the same measure. y + (x + 40°) 
= 180° because adjacent angles of 
intersecting lines are supplementary 
angles. Substitute 3x for y and solve 
for x. 


Solution 3x + +'40°) = 180° 
4x + 40° = 180° 
4x = 140° 

= 35" 


You Try It 7 


Strategy ¢ To find the measure of angle b, use 
the fact that 2b and Zx are 
supplementary angles. 

° To find the measure of angle c, 
use the fact that the sum of the 
measures of the interior angles of 
a triangle is 180°. 


Solution 


You Try It8 
| 


Strategy 


Solution 


SECTION 3.2 


You Try It 1 
Strategy 


Solution 


You Try It 2 
Strategy 


Solution 


e To find the measure of angle y, use 
the fact that Zc and Zy are verti- 
cal angles. 


Lb 2 = 180° You Try It 3 
Zb + 100° = 180° Strategy 
Zb = 80° 
Zin Dec = | O0° 
45° + 80° + Ze = 180° 
125° 1 Ze =. 180° Salton 
Ze = 55° 
Zy = Zc = 55° 
To find the measure of the third You Try It 4 
angle, use the facts that the measure Strategy 
of a right angle is 90° and the sum of 
the measures of the interior angles of 
a triangle is 180°. Write an equation 
using x to represent the measure of 
the third angle. Solve the equation 
for x. 
x + 90° + 34° = 180° 
x + 124° = 180° 
= 56° 
The measure of the third angle is 56°. Solon 
To find the perimeter, use the formula 
for the perimeter of a square. 
Substitute 60 for s and solve for P. 
P=4s 
P = 4(60) 
P = 240 You Try It5 
The perimeter of the infield is 240 ft. eieteoy 
To find the perimeter, use the formula ; 
: Solution 
for the perimeter of a rectangle. 
1 
Substitute 11 for L and 85 for W 
and solve for P. 
P=2L+ 2W 
Ba oih2 (35 SECTION 3.3 
17 
p= 21 +2(¥] You Try It 1 
Strategy 
Rissa) Duets. WL 
P = 39 


Solutions to You Try It $9 


The perimeter of a standard piece of 
typing paper is 39 in. 


To find the circumference, use the 
circumference formula that involves 
the diameter. Leave the answer in 
terms of 7. 


C=7d 
C =7(9) 
C=9r 


The circumference is 97 in. 


To find the number of rolls of 
wallpaper to be purchased: 


e Use the formula for the area of a 
rectangle to find the area of one 
wall. 

e Multiply the area of one wall by the 
number of walls to be covered (2). 

e Divide the area of wall to be cov- 
ered by the area that one roll of 
wallpaper will cover (30). 


A = LW 

A=12-:8=96 Thearea of one wall 
is 96 ft?. 

2(96) = 192 The area of the two 
walls is 192 ft?. 

192 + 30 = 6.4 


Because a portion of a seventh roll is 
needed, 7 rolls of wallpaper should be 
purchased. 


To find the area, use the formula for 
the area of a circle. An approximation 
is asked for; use the 7 key ona 
calculator. r = 11. 


A= ar? 
Asseiar(L 1)" 
AG ale ar 
A = 380.13 


The area is approximately 380.13 cm’. 


To find the volume, use the formula 
for the volume of a cube. s = 2.5. 


(Continued on page S10) 








$10 


Solution 


You Try It 2 
Strategy 


Solution 


You Try It 3 
Strategy 


Solution 


Chapter 4 


Vi=is3 
V= (25) S115'625 


The volume of the cube is 15.625 m?. 


You Try It 4 
Strategy 
To find the volume: 
e Find the radius of the base of the 
cylinder. d = 8. 
e Use the formula for the volume of a 
cylinder. Leave the answer in terms 
of 7. 
1 1 
= 54 = 5 (8) =4 
V = ar*h = 7(4)2(22) = 7(16)(22) = 3527 
The volume of the cylinder is 3527 ft?. 
Solution 


To find the surface area of the 
cylinder: 


e Find the radius of the base of the 
cylinder. d = 6. 

e Use the formula for the surface 
area of a cylinder. An approxima- 
tion is asked for; use the 7 key on 
a calculator. 


1 1 
Ga HO) = 3 


SA = 2ar? + 2arh 

SA = 22(3)? + 27(3)(8) 
SA = 27 (9) + 277(3)(8) 
SA = 187+ 487 

SA = 667 

SA =~ 207.35 


The surface area of the cylinder is 
approximately 207.35 ft?. 


To find which solid has the larger 
surface area: 


e Use the formula for the surface area 
of a cube to find the surface area of 
the cube. s = 10. 

e Find the radius of the sphere. d = 8. 
e Use the formula for the surface area 
of a sphere to find the surface area 
of the sphere. Because this number 
is to be compared to another num- 
ber, use the 7 key on a calculator to 

approximate the surface area. 

e Compare the two numbers. 


SAr=* 652 

SA = 6(10) 7 = 6(100) = 600 
The surface area of the cube is 
600 cm. 


1 1 
Y ed a (ae f 


SA = 4rr2 


SA = 41(4)* = 47(16) = 647 ~ 201.06 
The surface area of the sphere is 
approximately 201.06 cm2. 


600 > 201.06 


The cube has a larger surface area 
than the sphere. 


| Solutions to Chapter 4 “You Try It” 


SECTION 4.1 


You Try It 1 


You Try It 2 


You Try It 3 





The coordinates of A are (4, —2). 
The coordinates of B are (—2, 4). 


The abscissa of D is 0. 
The ordinate of C is 0. 


x —3y S214 
-2=3@ |=14 
-2=12)| =14 

=14= 14 


Yes, (—2, 4) is a solution of 
x — 3y =-14. 


Solutions to You Try It $11 


YouTrylt4 Replacex by = Dand-salve for y. You Try It 3 
pe Se eee. 
Sd ee o 


The ordered-pair solution is (—2, 6). 





You Try It 5 
YouTrylt4 5x-—2y=10 
—2y = —5x + 10 
y= > x Ty) 





You Try It 6 
{(145, 140), (140, 125), (150, 130), (165, 150), 
(140, 130), (165, 160)} You Trylt5 x-intercept: x — 4y = —4 
x — 4(0) = —4 
No, the relation is not a function. The two ordered x=-4 
pairs (140, 125) and (140, 130) have the same first (—4, 0) 
coordinate but different second coordinates. y-intercept: x — 4y = —4 
0-4y=-4 
You Try lt 7 Determine the ordered pairs defined —4y = —4 
by the equation. Replace x in y=1 
y= xx + 1 by the given values and (0, 1) 
solve for y. 


{(-4, ae) (0, 1) 3 2)} 
Yes, y is a function of x. 














x 
YouTryit8 A(x)= oF 
A You Try It 6 
fe aE 4 
8 
H(8) = qa 2 
SECTION 4.2 
You Try It 7 The ordered 
You Try It 1 @ pair (3, 120) 
e means that in 
g 3 h the car will 
& travel 120 mi. 
a 
Time (in hours) 
You Try It 2 SECTION 4.3 


You Try!lt1 Let P, = (4, —3) and P, = (2, 7). 
© WEY i i aks is lO _5 


Xy—-x, 2-4 -2- 
The slope is —5. 








$12 ~~ Chapter 4 


You Try It 2 


You Try It 3 


You Try It 4 


You Try It 5 





SECTION 4.4 


You Try It 1 


You Try It 2 


Let P, = (6, —1) and P, = (6, 7). You Try it3 Find the slope of the line between the 
es aim two points. 
Noles — ee ae 
Nimes meee ee 


X>—-X, 3-(-6) 9 


8 
m =— Division by zero is not defined. 
0 : Use the point-slope formula. 


The slope of the line is undefined. y—y, =m — x,) 
2 
_ 8650-6100 _ 2550 yt die Ses Go) 
t=4 =3 4 
teeta 
m = —850 % en se) 
DZ 1 
A slope of —850 means that the value Rt rE 3 
of the car is decreasing at a rate of 
$850 per year. You Try It 4 


The slope of the line means that 
the grade on the history test 
increases 8.3 points for each 
1-point increase in the grade on 
the reading test. 


y-intercept = (0, b) = (0, —1) 


ear 
4 


History score 





Reading score 








SECTION 4.5 
: tC 3)e 4 
Solve the equation for y. YouTrylt1 m,= 7T=ED a 
x-—2=4 —-5-1° =6 
—2y=-x+4 a sam ay ea Bap 
1 
Vie 2 + _ 
2 1 eS Oe aes 
y-intercept = (0, b) = (0, —2) 
1 
ae No, the lines are not perpendicular. 
You Try It 2 5x + 2y =2 
2y = —5x +2 
Because the slope and y-intercept 
are known, use the slope-intercept Se aan 
formula, y = mx + b. 5 
y=mxt+b ee 
3 
yozxt2 5x + 2y = =6 
2y = —5x — 6 
3 egal’ 
m—7 (ty ¥,) = (4, = 2) Tie oe ia 
5 
Vie Dy tn X,) as 
3 
Vie (2 eA) 5 
: m, = mM, ce =D) 
Vere 
: Yes, the lines are parallel. 
VA 
4 1 
You Try It 3 =~ 3 
The equation of the line is y = =x ao. : ae 


Solutions to You Try It $13 


ras my==1 SECTION 4.6 
Pie =e 
You Try It 1 easy <2 
MN = —4 


Z Ko tI AS ia OPN Dy 
Y 9 Sen =. x,) 








y~2 = —4[x - (-2)] nienk” * 

View eee ee) —3y_ -x+2 
y-2=-4x-8 cag CNR 

VAS 6 1 2 

The equation of the line is oe Bos 


y= —-4x - 6. 


Solutions to Chapter 5 “You Try It” 


SECTION 5.1 3x + 2y =9 
3x + 2(7x — 4) =9 








You Try It 1 3x + 144 -8=9 
17x —8=9 
17x =17 
x=1 
Substitute in Equation (1). 
7x -y=4 
The solution is (—1, 2). Tae 
7-y=4 
You Try It 2 Vere 
ee 
The solution is (1, 3). 
You Try It 2 () 329) = 4 
(2) y =3x+2 
The two equations represent Ae ek, <i : 
the same line. The system of OR 2 
: ; 3x — 3x -2=4 
equations is dependent. The a, 
solutions are the ordered pairs ir 
3 This is not a true equation. The 
(x, 4* 3) system of equations is incon- 
sistent and therefore does not 
have a solution. 
SECTION 5.2 
You Try It 3 (1) y=i2ke 1 
You Try It 1 (1) W-y=4 (2) 6x+3y=3 
(2)e Sita 2y = 2 6x + 3y =3 
Solve Equation (1) for y. 6x + 3(-2x + 1) =3 
6x — 6x +3 =3 
7x -y=4 ¥ 
3=3 
—-y=-7x+4 
y=Tx—-4 The system of equations is 


; , dependent. The solutions are 
Substitute in Equation (2). the ordered pairs (x, —2x + 1). 





S14 ~= Chapter 5 


SECTION 5.3 


You Try It 1 


You Try It 2 


(1) 2x+5y=6 
(2) 3x —2y =6xe +2 


Write Equation (2) in the form 
Ax + By =C. 


3x — 2y = 6x +2 


—=3% = 2y = 2 
Solve the system: 2x + 5y =6 
=3%— 2y = 2 
Eliminate y. 
2(2x + 5y) = 2(6) 
Mao kaa 2 i= 52) 
4x + 10y = 12 
—15x — 10y = 10 
Add the equations. 
—llx = 22 
Lee 
Replace x in Equation (1). 
2x + 5y =6 
2(-2) + 5y =6 
—4 + Sy =6 
5y = 10 
y =i2 


The solution is (—2, 2). 


Multiply Equation (2) by 2 and 
add to Equation (3). 


AL Oy 27 ee 2 

x + 2y 22 =") 

(5) 5x + 8y =7 
Solve the system of two equations. 


(4) 3x +2y =7 
(5) Sx oreSyv=*7: 
Multiply Equation (4) by —4 and 
add to Equation (5). 
12% = 8y = 28 
5x + 8y =7 
(ki 2 | 
x=3 
Replace x by 3 in Equation (4). 
3x + 2y=7 
3(3) + 2y =7 
Or 2 ye, 
2y = -2 
Viel 
Replace x by 3 and y by —1 in 
Equation (1). 


x= Vie) 0 
3 (sD Gra= 6 
4+z=6 

z=2 





an t+y=5 The solution is (3, —1, 2). 

4x + 2y =6 
Eliminate y. 
~2(2 + y) = -2(5) SECTION 5.4 

4x + 2y=6 

4 y You Try It 1 
—4x — 2y = -10 14 

4x + 2y = 6 | | 3 =f] = -10-5)- 3-4) =5 412-17 
Add the equations. 
en The value of the determinant is 17. 

4 You Try It2 Expand by cofactors of the first row. 
This is not a true equation. 1 An Sp 
The system is inconsistent and 3 1 1 
therefore has no solution. 6 ae 
YouTrylt3) (1) x-y+z=6 Tal, 3 1 3 1 
(2) 2x +3y-z=1 =1/ 55a Slane a 
(3) 4 2y + 22,= 5 (ones 
- = 12 + 2) ~ 46 ~ 0) - 2(-6 - 
Eliminate z. Add Equations =4 ght h i oa 
(1) and (2). ae 5 
Kaey + = 16 
ey eal The value of the determinant is —8. 


(4) 3xi+ 29 =.7 








You Try It 3 
SY = 25.0 
Fy 422 
aeons 
4 2 Lin2 1 
=a hee ' 
reel eee 
= 3(12 -2) +23 +4)+0 
= 3(10) +2(7) 
= 30 +14 
= 44 
The value of the determinant is 44. 
You Try It 4 3x —-y=4 
6x = 2yi="5 
oa 
p=|2 “37 6+6=0 
Because D = 0, ae is undefined. 
Therefore, the system of equations 
is dependent or inconsistent. 
It is not possible to solve this system 
by using Cramer’s Rule. 
You Try It 5 2x yg a | 


3x + 2y-—z=3 
Kooy = =2 


Oe i} 
Ds 2 =| || PAL 
1 3 1 
— fest 1 
D.=| 3. 2 -1|=9 
—2 3 1 
2 -1 1 
D,=|3 ..3.-1|=-3 
1 -2 1 
2 -1 -1 
D,=|3 2. 3/=-42 
1 3 -2 
DS 
enema te 7 
eae sg ok 
9 a7 
pe Be 42S 
a. S28 “ 


The solution is (3, = 5 ; -2). 


Solutions to YouTry It $15 


SECTION 5.5 


You Try It 1 


Strategy 


° Rate of the rowing team in calm 
water: t 
Rate of the current: c 





Rate. Time Distance 
With currents) doc bo Gs dee 120 ic), 
Apainst.current.;) ht Ge | 1,2 He) 


e The distance traveled with the 
current is 18 mi. 
The distance traveled against 
the current is 10 mi. 


Solution 2(t+c) = 18 2¢.+ ci= = -A8 


2(t — c) = 10 22 — Cc) =— 710 


Nile Nie 
N/R NR 


t+c=9 

peees 

2t = 14 

t=7 
tre — 9 
7+c=9 
c=2 

The rate of the rowing team in calm 


water is 7 mph. 


The rate of the current is 2 mph. 


You Try It 2 


Strategy e Amount invested at 8%: x 


Amount invested at 7%: y 
oS Le Interest Tnterese<! 
_| Principal “Rate Earned — 
Eee oe 008 2 O.0er 
ey OT 8 0.077 


| Investment 





e The total amount invested was 


$15,000. 
The total amount of interest earned 
was $1170. 

Solution x + y = 15,000 


0.08x + 0.07y = 1170 


—8x — 8y = —120,000 
8x + 7y = 117,000 


~y = —3000 
y = 3000 
x + y = 15,000 
x + 3000 = 15,000 
x = 12,000 
(Continued on page S16) 








S16 ~— Chapter 6 


$12,000 was invested in the 8% 
account. 

$3000 was invested in the 7% 
account. 


SECTION 5.6 


Shade above the solid line y = 2x — 3. 
Shade above the dashed line y = —3x. 


You Try It 1 


The solution set of the system is the 
intersection of the solution sets of the 
individual inequalities. 








YouTryilt2 3x+4y>12 
4y > —3x + 12 

iS) 
y> aK. +3 


Shade above the dashed line y = — ox sph 


Shade below the dashed line y = =x ame 


The solution set of the system is the 
intersection of the solution sets of the 
individual inequalities. 





| Solutions to Chapter 6 “You Try It” 


SECTION 6.1 


You Try It 1 
(—3a*b*)(—2ab3)4 = (—3a2b*)[(—2)4a*b!2] 
= (—3a*b*)(16a*b!2) 


= —48a%h!6 
Vou Try It2 (yt 3)2 = ya-32 = ee 
You Try it3 = [(ab>)3]* = [a3b°]4 = a!2p36 
20gaerr Aieby-2 ete 
YouTryit4 ——— = — —W—~_ 
Pie —16r3s 4-4 
Tan OTS: 
4t° 
(9u-*y*)-! 971445 ,-4 
You Try it 5 (6u3y2)2 = 6S 
= 9-1 : 62-8 
by36 
9v8 
ait’ 
ys 
qentt 
You Try té6 ee = q2nt+1—-(n+3) = q2nti-n-3 = qn-2 
You Try It 7 942,000,000 = 9.42 x 108 
You Try it 8 2.7 X 10~° = 0.000027 


5,600,000 x 0.000000081 
900 x 0.000000028 


— 5.6 X 10° x 8.1 x10 
9X 10728 10. 

_ (5.6)(8i1) 110°* —9-2-€ ®) 

<2 )0i8): aaa 

= 1.8 x 10* = 18,000 


You Try It 9 


You Try It 10 


Strategy To find the number of arithmetic 
operations: 

e Find the reciprocal of 1 X 10-7, 
which is the number of operations 
performed in one second. 

e Write the number of seconds in 
one minute (60) in scientific 
notation. 

° Multiply the number of arithmetic 
operations per second by the 
number of seconds in one minute. 


jak Nae 
fe ge 


60 = 6 X 10 
6 x 10 x 107= 6 x 108 


Solution 10’ 


The computer can perform 6 X 108 
operations in one minute. 


SECTION 6.2 - 


R(x) = —2x4 — 5x3 + 2x — 8 
R(2) = —2(2)* — 5(2)3 + 2(2) — 8 
—2(16) — 5(8) + 2(2) — 8 
—32 -—-40+4-8 

= —76 


You Try It 1 


You Try!t2 The leading coefficient is —3, the con- 


stant term is —12, and the degree is 4. 

You Try!t3 a. This is a polynomial function. 

: b. This is not a polynomial function. 
A polynomial function does not 
have a variable expression raised 

| to a negative power. 

c. This is not a polynomial function. 

A polynomial function does not 

have a variable expression within 

a radical. 


You Try It 4 





You Try It 5 





mat BAX) 9 
SOK ext 


—8x?2 — 11x + 10 


You Try It 6 


Add the additive inverse of 

6x2 + 3x — 7 to —5x? + 2x — 3. 
—5x2 +2x-3 

—6x2 —3x+7 

—11x?- x+4 


You Try It 7 


You Try It 8 

S(x) = P(x) + R@) 
= (4x3 — 3x2 + 2) + (—2x? + 2x — 3) 
= 4x3 — 5x2+ 2x -1 





Solutions to You Try It $17 


S(-1) = 4(-1)3 — 5(-1)? + 2(-1) - 1 
4(-1) — 5(1) + 2(-1) - 1 
-4-5-2-1 

=-12 


ll 


lI 


You Try It 9 
D(x) = P(x) — R(x) 


D(x) = (5x2" — 3x" — 7) — (—2x2" — 5x” + 8) 
BOK tet (24-0 exe 8) 


oe LP cee Po aed 
SECTION 6.3 
You Try It 1 (—2y + 3)(—4y) = 8y? — 12y 
YouTrylt2 —a?(3a* + 2a — 7) = —3a* — 2a? + 7a? 
You Try It 3 2y? + 2y? ao 
sya 
=—2ys— oye jue 
6y* + 6y3 — Oy 
6y* + "4y? = 2y? — Sy £3 
You Try It 4 
(4y — 5)(2y — 3) = 8y? — 12y — 10y + 15 
Oy =e 22 yer 
You Try It 5 
(3b + 2) (3b — 5) = 9b? — 15b + 6b — 10 
= 95? ==95 — 10 
You TryIt6 (2a + 5c) (2a — 5c) = 4a? — 25c? 
You Try It7 = (3x + 2y)? = 9x? + 12xy + 4y? 
You Try It 8 
Strategy To find the area, replace the variables 
b and h in the equation A = ; bh by 
the given values and solve for A. 
" 1 
Solution A= 5 Oh 


A= 52x + 6x4) 


A=(x + 3)(« — 4) 
A=x2-—4x+3x-12 
A=x?-—x— 12 


The area is (x2 — x — 12) ft?. 





$18 = Chapter 7 





SECTION 6.4 
You Try It 1 Shale 
3x + 4)15x2 + 17x — 20 
15x? + 20x 
= she = 20 
= Sk ee 
iG 
15x? + 17x — 20 
a a 
3x + 4 = 
You Try It 2 
x2+3x-1 
3x — 1)3x3 + 8x2 — 6x +2 
3x3 — x2 
Ox? — 6x 
Ox? — 3x 
i St 
— 3x +11 
1 
BRIE BA OR Ogee oy 1 
3x — I 3x = | 
You Try It 3 
3x7 — 2x +4 


x? — 3x + 2)3x4 — 11x3 + 16x2 — 16x + 8 
3x4 — 9x3 + 6x2 
— 2x3+ 10x? — 16x 
=e ON 4x 
4x2 — 12x + 8 
4x? — 12x + 8 
0 


3x4 — 11x? + 16x2- 16x +8 be 


Ze 
Boe ae 3x 2x +4 


16 
3x + 4 








You Try It 4 
ae 8c 5 
=12° 3S 
6 ea 5 
2 : = — : 
(6x? + 8x — 5) + (x + 2) = 6x —4 + 


You Try! 5 — 22-5" 12) ensset ol6 
104) cas He24 
5° =2 = 12,28 

(Gx i2e Stel (a2) 





8 
= 5x2 — 2x — 12 - —— 
Lae 
YouTryit6é 3/2 -3 -8 0 -2 
6mo9vies 9 
Z 3 15 35 ff 
(2x4 — 3x3 — 8x2 — 2) + (x — 3) 
SO eee 
<3 
You Try It 7 


=3 (2 —S 04 #7 

—6 33 -99 

2 -11 33 -92 
P(-3) = -92 


| Solutions to Chapter 7 “You Try It” 


SECTION 7.1 

You Try It 1 

The GCF is 7a?. 

14a? — 21a*b = 7a?(2) + 7a2(—3ab) 
= 7a*(2 — 3a*b) 

You Try It 2 

The GCF is 9. 


27b? + 18b + 9 = 9(3b2) + 9(2b) + 9(1) 
= 9(3b? + 2b + 1) 





You Try It 3 
The GCF is 3x2y2. 


6x4y? — Oxy? + 12x2y4 
= 3x*y2(2x2) + 3x*y2(—3x) + 3x*y?(4y?) 
= 3x*y?(2x? — 3x + 4y?) 


You Try It 4 
The GCF is a?. 


qnt4 ate a = a*(a"*2) aE a*(1) 
= a*(a"t? + 1) 


YouTry!t5  2y(5x Be 302 — 5x) 
= 2y(5x — 2) + 3(5x — 2) 
= (5x — 2)(2y + 3) 


YouTryit6 a? — 3a + 2ab — 6b 

= (a — 3a) + (2ab — 6b) 
= a(a ~ 3) + 2b(a — 3) 
= (a — 3)(a + 2b) 


You Try It 7 
_ 2mn? — n + 8mn — 4 = (2mn2 — n) + (8mn — 4) 
: = n(2mn — 1) + 4(2mn — 1) 
= (2mn — 1)(n + 4) 


YouTry!t8 = 2xy — 6y — 12 + 4x 

: = (2xy — 6y) — (12 — 4x) 
= 2y(x — 3) — 43 - x) 
= 2y(x — 3) + 4(x — 3) 
= (x — 3)(2y + 4) 


SECTION 7.2 
~ You Try It 1 
Factors Sum © Find the positive 
20 21 factors of 20 
2, MO) 12 whose sum is 9. 
4,5 9 


x*+9x+20=(« + 4)(x + 5) 


You Try It 2 

Factors Sum e Find the factors 
A 13 =17 of —18 whose 
=4.--18 17 sum is 7. 

2, 9 a 

—2,+9 7 

35-6 =3 

3, +6 +3 


x2 + 7x — 18 = (« + 9)(x — 2) 

You Try It 3 

The GCF is —2x. 

—2x3 + 14x? — 12x = —2x(x? — 7x + 6) 


Factor the trinomial x? — 7x + 6. Find two 
negative factors of 6 whose sum is —7. 


Factors Sum 
—1, —6 a 
-2,-3 —5 


—2x3 + 14x? — 12x = —2x(x — 6)@ — 1) 


You Try It 4 
The GCF is 3. 


Solutions to You Try It 


3x? — Oxy — 12y? = 3(x? — 3xy — 4y?) 


Factor the trinomial. Find the factors of —4 whose 


sum is —3. 
Factors Sum 
+1, -—4 —3 
—1, +4 3 
+2, —2 0 


3x? — Oxy — 12y? = 3(x + y)(x — 4y) 


SECTION 7.3 


You Try It 1 


Factor the trinomial 2x? — x — 3. 


Positive 
factors of 2: 1, 2 


Trial Factors 

(1x + 1)(2x — 3) 
(1x — 3)(2x + 1) 
(ix — 1)(2x + 3) 
(1x + 3)(2x — 1) 


Factors of —3: 1, —3 


—1, 
Middle Term 
Se ee 
oo = (one = bye 
Bye = Wee SS 50 
56 ar lope = Oye 


2x2 —x —3 =(x + 1)(2x — 3) 


You Try It 2 
The GCF is —3y. 


—45y3 + 12y? + 12y = —3y(15y? — 4y — 4) 


Factor the trinomial 15y? — 4y — 4. 


Positive 


factors of 15: 1,15 
Sa 


Trial Factors 


(ly + 1)(15y — 4) 
(ly — 4)(15y + 1) 
(ly — 1)(15y + 4) 
(ly + 4)(15y — 1) 
Gyzia2)(1Sy 22) 
(ly — 2)(15y + 2) 
(3y + 1)(Sy — 4) 
(3y — 4)(5y + 1) 
Gy= Gy 4) 
(3y + 4)(5y — 1) 
Gy + 2)6y— 2) 
Gy — 2)Gy +2) 


Factors of —4: 1, —4 


Middle Term 
—4y + 15y = Ily 
Vi OOy ie Soy 
4y — 15y = —Lly 
—y + 60y = 59y 
—2y + 30y = 28y 
2y — 30y = —28y 
1 2y Oy) = ay 
3y — 20y = —-17y 
12y — 5y = Ty 
—3y + 20y = 17y 
—6y + 10y = 4y 
6y — 10y = —4y 


—45y3 + 12y? + 12y = —3y(3y — 2)(5y + 2) 








S20 = Chapter 7 


You Try It 3 
Factors of —14 [2(-—7)] Sum 
1,-14 aie 
oe. Lo 13 
Zz, —? a 
=? 7 5 


2a* + 13a — 7 = 2a2-—a+ 14a -—7 
= (2a* — a) + (14a — 7) 
= a(2a — 1) + 7(2a — 1) 
= (2a — 1)(a + 7) 


2a* + 13a — 7 = (2a — 1)(a + 7) 


You Try It 4 
The GCF is 5x. 


15x3 + 40x? — 80x = 5x(3x? + 8x — 16) 
Factors of —48 [3(—16)] Sum 


1,—48 =47 
—-1, 48 47 
2, —24 ee 
=2, ~ 24: 22 
ox -16 13 
3501 16 13 
4,-12 ao 
ee 2 8 


3x? + 8x — 16 = 3x2 — 4x + 12x — 16 
= (3x? — 4x) + (12x — 16) 
= x(3x — 4) + 4(3x — 4) 
= (3x — 4)(x + 4) 


15x3 + 40x? — 80x = 5x(3x2 + 8x — 16) 
= 5x(3x — 4)(x + 4) 


SECTION 7.4 


x2 pest 36y4 ee x2 — (6y7)? 
Gat OV Mic eaiOy) 


You Try It 1 


You Trylt2 9x* + 12x +4 = (3x + 2) 

YouTryIlt3 (a+b)?-(a-b/) 
=[(a+b)+(@-—b)ll@+b)-@-b)] 
=(a+b+a-bja+b-atb) 
= (2a)(2b) = 4ab 

You Try It 4 


8x3 + y3z3 = (2x)3 + (yz)3 
= (2x + yz)(4x? — 2xyz + yz?) 


You Try It 5 

Gey + Gar a 

=[«-y)+@+y)I@ -—y? -—-@-wWaty)+ arty] 
= 2x[x? — 2xy + y? — (x? — y?) + x? + Qxy + y?] 

= 2x(x2 — 2xy + y? — x? + y? +x? + 2xy + y?) 

= 2x(x?+ 3y2) 


You Try It 6 

Letu = xy. . 

6x7y2 — 19xy + 10 = 6u? —19u + 10 
= (2u — 5)(u — 2) 
= (2ey=15)Gxy = 2) 


You Try It 7 

Leva x= 

3x4 + 4x2 — 4 = 3u? + 4u -—4 
= (u + 2)(3u — 2) 
= (x? + 2)(3x? — 2) 


You Try It 8 
Let u = a2b?. 
a‘b* + 6a2b? — 7 =u? + 6u —7 
= (u + 7)(u — 1) 
= (a*b? + 7)(a*b? — 1) 


You Try It 9 
18x3 — 6x? — 60x = 6x(3x2 — x — 10) 
= 6x(3x + 5)(x — 2) 


You Try It10 4x — 4y — x3 + xy 
= (4x — 4y) — (3 — x2y) 
NAO EY) oak 0 aay) 
= (« — y)(4 — x2) 
= (4 Olea) 


You Try It 11 

xin me ty ae os xent2n = yee 
= 28 (x2n = ae) 
= x? Gye 


= AACE Yh) ye) 


You Try It 12 
ax° — axry® = ax2(x3 — y®) 
= ax%(x — y2)(x2 + ay? + 94) 


SECTION 7.5 


You Try It 1 
2x(e+ 7) =.0 

2x =0 A= 0 
x= 0 =a 


The solutions are 0 and —7. 


z 3 
_ The solutions are = and — 


You Try It 2 


Age 
rr 3)2xn + 3yr= 0 


Zk —3=(0 
2x = 3 

3 

Le 

2 


— You Try It 3 
Gr 2De=7)=52 
X= 5x14 = 52 
x? — 5x —- 66=0 
+ 6)(c— 11) = 0 


x+6=0 
x=-6 


oe You Try It5 
a Strategy 
2x3 =.0 
2 == 
3 , 
as Solution 
2 
2 2: 
0 
x=11 


The solutions are —6 and 11. 


You Try It 4 
Strategy 


Solution 


First positive consecutive integer: n 
Second positive consecutive 
integer: n + 1 


The sum of the squares of the two 
positive consecutive integers is 61. 


n?+(n+1)?=61 
n*+n2+2n+1=61 
2n?+2n+1=61 
2n2 + 2n — 60 =0 
2(n?2 +n — 30) =0 
n*+n—30=0 

(n —5)(n + 6) =0 


n—-5=0 
n=5 


n+6=0 
n=—6 


Since —6 is not a positive integer, it is 
not a solution. 


n=5 
n+1=5+1=6 


The two integers are 5 and 6. 


Solutions to You Try It $21 


Width = x 
Length = 2x + 4 


The area of the rectangle is 96 in?. 
Use the equation A = L: W. 


A=L-W 
96 = (2x + 4)x 
96 = 2x? + 4x 


0 = 2x? + 4x — 96 
O = 2(x2 + 2x — 48) 
0 =x? + 2x — 48 
0 = + 8)(x — 6) 


x—-6=0 
x=6 


x+8=0 
x=-8 

Since the width cannot be a negative 

number, —8 is not a solution. 

x=6 

2x + 4=2(6) + 4=12+4= 16 


The width is 6 in. 
The length is 16 in. 








S22 = Chapter 8 


| Solutions to Chapter 8 “You Try It” 





SECTION 8.1 
ian 
669 Le 2 Sey sae 
You Try It 1 iar 2-2-3 xy Wy 
1 1 
-1 
You Try It 2 Katies 24e ee AG 6) +6 


16 — x? (4—=x)(4 + x) x+4 


1 
x t+4x—-12  @=2(x+6)_ x+6 
You Try It 3 AEA “= De=3} ~e-1 


You Try It 4 
12x? + 3x p Sar 120% Sx(dx 4 1yel4(2x — 3) 
10x -— 15 9x +18 5(2x — 3) 9x + 2) 





1 1 
bean + 1) 2 - 2Q4— 3) 
SOs ae SO 2) 


_ 4x(4x + 1) 
~ 15(x + 2) 


You Try It 5 
hate NS ee 3 18 
oF x’ — 7x +6 
a 3) FS) GF 3) — 6) 
~ (3 -x)(3 +x) (& — 1) — 6) 
=I 1 1 
= SADE + SEF DE=G _ _ «+5 


— Ga 4 a — NG —6) x-1 





You Try It 6 
a f a = a’ pOuciansh: 
4bc? — 2b’c © 6bc — 3b? ~—- Abc? — 2b a 
1 
_ a’ - 3b@e=b) _ 3a 
~ 2bcQc—by-a_— 2c 
1 

You Try It 7 


3x’ + 26x +16 | 2x? + 9x — 5 

3h Te 6) xe 5 

Be 3kd 26% 16 te or ex a5 
3x7 - 7x -6 2x? 4+ 9% —5 


I 1 1 
— BxF 2 + 8)-@+5)\e—-3) _ «+8 
Oe as GS) 2x -1 





SECTION 8.2 


You Try It 1 
Suv? =2-2-2-u-v-v 


Su 
LCM =2:-2:2-3-u-v-v-w= 24uv’w 


You Try It2  m?—6m+9=(m — 3)(m — 3) 
m2 —2m —3 = (m+ 1)\(m — 3) 
LCM = (m — 3) (m — 3) (m + 1) 


You Try It 3 
The LCM is 36xy2z. 


K-32 £3 Ot axe 2 


Axy? ss Axy?—-«9z 36xy?z 
20 1 2k ae Bae ae 




















Oz yz “ax 36xy7z 
You Try It 4 
The LCM is (x + 2)(« — 5)(x + 5) 
x+4 cd x+4 x +5 
x?—3x-10 (x +2)(x-5) x+5 
a x? + 9x + 20 
(x + 2)(x — 5)(x + 5) 
DE. Aydt 2S ee alee i ee 
25-x? -(x?- 25) (x —5)\(x +5) x +2 
2x? + 4x 


7 0 @42)G@iS5)GHE 5) 


12 Serie 15 
You Try It 5 a 


xy xy xy 
You Try It 6 
one _ in 
x—x-12 x?-x—12 


= 2k) = x + Aly oleh a ee 
x?—x-—12 x? —x—12 
1 
— 2x + IG@=4F _ 2k +1 
ae x+3 





You Try It 7 


x -1 a 2x + 1 x 
x -8e+12 «= 8s 129 oa ee 12 


2 @ 1) = Ge Fl) x) 3 ee 
x? — 8x + 12 is x? — 8x + 12 


1 
= 2 e209 _ G+ NE=7) x +i 
x? — 8x + 12 (x—2(x -6) x-6 
1 


You Try It 8 
The LCM of the denominators is 24y. 


BE OOS MZ. 3. AZ BOG 


8 - 3y  4y" By By 8 a 
a4 
24y  24y " 2ay 

= 32 = 32z + 30z 


z 
24y 24y 


You Try It 9 
2-—x=-(x - 2) 
3 ae 
Therefore, ee ea? 
The LCM is x — 2. 








2s 3 5x =3 


a ay a as 
p. Shee SS) Sx IS 


Xe eee, 











You Try It 10 
The LCM is (3x — 1)(x + 4). 








4x 9 Fe gtk x+4 9 ota wl 
Bo 1 a4 Se 1 ea 4 3 1 
| 4x? + 16x 27x -— 9 


WGesvGs). Ge=Das4 


WIR a16t) S12 7x19) 
i (3x — 1)(x + 4) 
ae On = 27249 
(3x — 1)(x + 4) 

a 4x? —- 11x +9 

~ (3x — 1)(x + 4) 


— You Try It 11 
The LCM is x — 3. 











pee iee 23) ot 
= eS 
_ 2x =6 1 
Fe rg.) Ohpas 
2m 
aoe 

pee al, 
x -3 


You Try It 12 
The LCM is a(a — 5)(a + 5). 


GSB a9 
a ae eae 
a-3 a5 a9 
aia s)ye aS (a —5)(a +5) 
(a — 3)(a + 5) + a(a — 9) 
oa a(a — 5)(a + 5) 
(a? + 2a — 15) + (a? — 9a) 
ra a(@— 5)(@ + 5) 
a? +2a-—15+a*- 9a 
a(a — 5)(a + 5) 
2a —7a-15 _ (2a + 3a — 5) 
OI aa ae7e) 


_ Qat 3)e=s) _ 2a +3 
— ala~S)la +5) a(a+5) 





a 
a 





Solutions to YouTry It $23 


You Try It 13 
The LCM is (3x + 2)(x — 1). 


2S: 5 1 





Le ae) 
2x -— 3 5 alt 1 3x +2 
Gi) eS ee ee 
2x -3 5x -—5 3x +2 


~ Gx +2)\@—1) (%—2)@=1)  Gx42)@—1) 
_ (2x — 3) + (5x — 5) — (3x + 2) 
a (3x + 2)(x - 1) 
Be eats OL ON 
(3x + 2)(x - 1) 
4x — 10 2(2x% — 5) 


a (3x +2)x-1) (3x + 2)(x- 1) 





SECTION 8.3 

You Try It 1 

The LCM of 3, x, 9, and x? is 9x?. 

pa pa ie ke 
1 


3x? — 9x 3xle—= 3) 3x 


x —9 (x—3)(x +3) x43 
1 

















You Try It 2 
The LCM of x and x? is x?. 
ee ieee 
LA a ce 
10021 1 DQ x 
Se ethos oe = ara 
x x x x 
dec pues ez 
Ses x 
1-x? + eee Z 
x 
1 
Dax ri Get Weed 3) coat 
~ x? + 10x +210 (xe +3i(x +7) x +7 
1 
You Try It 3 
The LCM is x — 5. 
20 20 
eee + aoe 
pee Ole at 
Og 30. x —5 
+ 
ap ts) a aa x+8 _5 


x(x — 5) + 3@—5)- 





5° &-5) 





x(e 5) + 8-5) +— “(«% — 5) 


5 
x? — 5x + 3x — 15 — 20 
x? — 5x + 8x — 40 + 30 
Rh Bie 39 

Turks cal 


_ eS) _ x-7 
© & = 245) x2 








S24 = Chapter 8 


SECTION 8.4 


You Try It 1 





Solution 





3 
1 x+6 1 96 
1 1 


x? —- 3x -18=0 
(x + 3)\(« -— 6) =0 
Ola) 
x= 6 
Both —3 and 6 check as solutions. 
The solutions are —3 and 6. 


You Try It 2 
5x 10 
nl eee 
Git 2) 5x = &42/ 
x+2 1 


You Try It 5 


The LCM is x + 2. Strategy 


a 

1 eat, 
1 1 

t+ 2 5x Lt 2 10 
1 “242 = (x + 2)3 1 £2 
1 1 














Solution 
5x = (x + 2)3 — 10 

ox = 3x +6— 10 

5x = 3x —4 

2x = —-4 

= 2) 


—2 does not check as a solution. 


The equation has no solution. You Try It 6 


You Try it 3 Strategy 
yD 2 6 
be a.) Se 
Geees (Sit 5)) 2 _ @P3KSx + 5) 6 
1 eS 1 


1 if 
e+ 3)(Sx + 5). 2 =, © + 3)Se7F 5). 6 


1 oes) 1 
1 1 


(5x + 5)2=(@ + 3)6 
10x + 10 = 6x + 18 











Solution 


4x + 10 = 18 
4x = 8 
x=2 


The solution is 2. 


You Try It 4 


Strategy To find the area of triangle AOB: 
° Solve a proportion to find the length 
of AO (the height of triangle AOB). 


e Use the formula for the area of a 
triangle. AB is the base and AO is 
the height. 


cD _ DO 
AB AO 
Ag a 3h 
10 AO 
J a Op Aa 
10-AO += = NE 
4(AQ) = 30 
AO = 7.5 
A= ie 
>) 
= 5 (10)(7.5) 
= 37.5 


The area of triangle AOB is 37.5 cm?. 


To find the total area that 256 ceramic 
tiles will cover, write and solve a 
proportion, using x to represent the 
number of square feet that 256 tiles 
will cover. 


pean ets 
16 256 
os ae ek 
256(2) = 256(5)] 
144=x 


A 144-square-foot area can be tiled 
using 256 ceramic tiles. 


To find the additional amount of 
medication required for a 200-pound 
adult, write and solve a proportion, 
using x to represent the additional 
medication. Then 3 + x is the 

total amount required for a 200- 
pound adult. 








150 _ 200 
3 Sichax 
50 200 
1 SieeG 
200 
3%) = 50t= . 
( ):50=(3 + x) PRE 





(3 +x) - 50:= 200 
150+ 50x:=*200 
50x = 50 

ca 


One additional ounce is required fora 
200-pound adult. 


SECTION 8.5 me 








You Try It 1 A=P+Prt 
A-P=P-—P+Prt 
A-P= Prt 
A-P _ Prt 
Pt —s Pt 
ae 
Bat wih 
ee ou ty It2 s= ti : 
2+5=2(4+4) 
| 2s=A4+L 
| 2s -A=A-A+L 
2s-A=L 
~ You Try It 3 s=a+t+(n— 1)d 
) s=at+nd-d 
S-~a=a-a+t+nd-d 
s—-a=nd-d 
s-at+d=nd-dtd 
s-at+d=nd 
Sided snd 
d | 
eae 
Sy ae 
You Try It 4 S=C+rc 
S=(f+7)C 
Shs wye 
17 Pee 
S — 
omee S 
SECTION 8.6 
You Try It 1 
Strategy ° Time for one printer to complete 
the job: t 





e The sum of the parts of the task 
completed must equal 1. 


Solutions to You Try It $25 


Solution 242 =1 
Dae S\N 2 

(2 +2) = 1 
Qiao — 
= 


Working alone, one printer takes 7 h 
to print the payroll. 


You Try It 2 


Strategy © Rate sailing across the lake: r 
Rate sailing back: 3r 





¢ The total time for the trip was 2 h. 
6 6 


Solution = —2 
iP 3r 
605.6 Nee 
37(8 SP $) = 3r(2) 
Bp ape = 6r 
r 3r 
18+ 6=6r 
24 = 6r 
4=r 
The rate across the lake was 4 km/h. 
SECTION 8.7 
You Try It 1 


Strategy To find the distance: 
e Write the basic direct variation 
equation, replace the variables by 
the given values, and solve for k. 
e Write the direct variation equation, 
replacing k by its value. Substitute 5 
for t and solve for s. 


Solution Sak 


64 = k(2)? 
64=k-4 
16=k 


s = 16? = 16(5)? = 400 
The object will fall 400 ft in 5 s. 











S26 = Chapter 9 
You Try It 2 You Try It 3 
Strategy To find the resistance: Strategy 
e Write the basic inverse variation 
equation, replace the variables 
by the given values, and solve 
for k. 
e Write the inverse variation 
equation, replacing k by its 
value. Substitute 0.02 for d 
and solve for R. 
Solution 
Solution R= z 
mek 
Lei (0.01)? 
rik 
0.5 = oo001 
0.00005 =k 
_ 0.00005 _ 0.00005 _ 
R= 00 = 0.125 


The resistance is 0.125 ohm. 


To find the strength: 

e Write the basic combined variation 
equation, replace the variables by 
the given values, and solve for k. 

e Write the combined variation 
equation, replacing k by its value. 
Substitute 4 for w, 8 for d, and 16 
for L, and solve for s. 

_ kwd? 

aaa 

1k 2 (12)? 
1200 = ec 

_ k-2+ 144 

1200 = iat 

1200 = 24k 
50=k 
_ 50wd? _ 50-4: (8) _ 

Sag 7 B= eqge 800 


The strength is 800 lb. 


| Solutions to Chapter 9 “You Try It” 








SECTION 9.1 You Try It 6 
You Try It 1 16n27 = (2%) 4 
OS You Try It 7 
me lreeel 
2 hae You Try It 8 
You Try It 2 (—81)34 
The base of the exponential expression is negative, oul TS 
and the denominator of the exponent is a positive 
even number. 
Therefore, (— 81)” is not a real number. 
You Try It 10 
You Try It 3 — (x3/4y!/2z-2/3)-4/3 = ¢-1y-2/378/9 
a 289 
syn? 
You Try It 11 
16a 7h) 24a Sh2\ 
You Try It 4 (So) = 32 
ee 
Re SECT 
dae 30 CTION 9.2 
== = 
2°b 4b You Try It 1 


(2x3)4 = V(2x3) 
= Vax? 


You Try It 5 





—5qr/6 — —5(a>)i/6 
= -5Va5 
VW3ab = (3ab)'3 


V, x + y= (x? ate yee 


V2 18 — 7 eee 
= Clie ys nz 
= 11x>y? 


=((- oe 
= —2x4y 

—V8Ixy8 = W348 
—(34¢12y8)1/4 


3K ye 


W—8x!2y a 


ae 





YouTryit2 WV —6axtyis — (—4)3x8y 18 
=+* (—47x'y8@?) 
= A= —4)3xSyi8 We 
= 4x6 W/2 
You Try It 3 
3xy V8 Ixy — V192x8y4 
= 3xy W3%e8y — W/2% 3x8y4 
= 3p VFB Vay — VIE VEY 
= 3xy + 3x W3x2y — 2242 y W 3x") 
= i ee /3x%y = 5x?y W/3x2y 
You Try It 4 
V5b(V3b — V'10) 
=V15b? — V50b 
=V3-5b?-V2-5%b 
=Vb?V3-5 — V52\/2b 
= bV15 —5V2b 
You Try It 5 
(2V2x — 3)(W2x — 5) 
= 2V4x? — 10 W2x — 3 W2x +15 
= 2W4x? — 13 W2x +15 
You Try It 6 
(Va — 3Vy)(Va + 3Vy) 
=(Vay — 3Vy! 
=a- Oy 
You Try It 7 £ ; 
Uae Vay _yVave Vay V3y 
V3y. V3y) V3y V3" 3y 3 























_ 39x W9x 
eS cel ask 
You Try It 9 
3+V6_3+V6 2+V6_6+3V6+2V6 + (V6) 
DEA Gr? WV 6 ENC 2? — (v6)? 
ake. i sve 
Beez Gr Ge! 1) Se) D 
SECTION 9.3 


V=45 =iV45 = iV3?-5 = 3iV5 


You Try It 1 


Solutions to You Try It $27 


You Try It 2 
V98 — V-60 = V98 — iV/60 
= VIE iV 2 On 
= 7V2 —2iV15 
You Trylt3  (—4 + 2i) — (6 — 8i) = -10 + 10i 
YouTryit4 (16 — V—45) — (3 + V—-20) 
= (16 — iV45) — (3 +iV20) 
= (16 —iV3?-5) — (3 +ivV22-5) 
= (16 — 3iV5) — (3 + 2i1V5) 
= 13 -—5iV5 
YouTrylt5 (3 —2i)+(-3+2i1)=0+0i=0 
You TryIt6 (—3i)(—10%) = 30i2 = 30(-1) = — 
You Try It 7 
—~V-8-V-5 = -iV8 -iV5 = -7?V/40 
= —(-1)V40 = V23-5 = 2V/10 
You Try It 8 


—6i(3 + 4i) = —18i — 247 
= —18i — 24(-1) = 24 — 183 


You Try It 9 
V—3(V27 — V—6) = iV3(V27 — iV6) 
= iV81 —?V18 
= iV34 — (-1)V2 - 3? 
= 91 + 3V2 
= 3V24 9 
You Try It 10 
(4 — 312 —i) =8 — 44 - 61 + 3? 
=8- 10i + 3? 
= 8 — 10i + 3(-1) 
=5-10i 
You Try It11 (3 + 6i)(3 — 6i) = 3? + 6 
=9 + 36 
= 45 
You Try It 12 
Remy Nae tia se noel 
o-a( 5+) Mo i oy 
Qo meely A500 
= =o 10 1 
10-10 © 10 ae 
he ne 
10 10 

















$28 = Chapter 9 
You Try It 13 You Try It 3 
2-31 _ 27-31 1 Strategy 
4i 4i i 
Rei 458, 
4i? 
elie 3) 
4(—1) 
a ale 2) A ne i, Solution 
—4 4 
You Try It 14 
Zeta eet tS TILE NO tale 150+ 107 
Sree 2h as tot 37 + 2? 
Oriel Dir 1 We 4 + 197 
13 13 
eee? 198 
——: You Try It 4 
Strate 
SECTION 9.4 ah 
You Try It 1 
Meg aa Check Solution 
(Wx — 8)4 = 34 Wx —8 =3 
x-8=81 V89 — 8] 3 
x = 89 VW81| 3 
3=3 
The solution is 89 
You Try It 5 
ve ee ei Strategy 
Vx=14+Vx 45 
Ne) PSV x #5) ; 
=14+2Vx4+54+x4+5 Solution 
nes ORO GES 
—6 =2Vx4+5 
ON ee 
C3) =W2r 5)" 
io oP 


4=x 


4 does not check as a solution. The equation 
has no solution. 





To find the diagonal, use the 
Pythagorean Theorem. One leg is the 
length of the rectangle. The second 
leg is the width of the rectangle. The 
hypotenuse is the diagonal of the 
rectangle. 


c=a?+b? 
c? = (6)? + (3/7 
c? = 36+ 9 
er = 45 
(c2)2 = (45)/2 
c= V45 
c= 6.7 


The diagonal is 6.7 cm. 


To find the height, replace d in the 
equation with the given value and 
solve for h. 


= V1.5h 
5.5 = V1.5h 
(5.5)? = (V1.5h)? 
30.25 = 1.5h 
20.17 ~h 


The periscope must be approximately 
20.17 ft above the water. 


To find the distance, replace the 
variables v and a in the equation by 
their given values and solve for s. 


v = V2as 
88 = V2 - 22s 
88 = V 44s 

(88)? = (V44s)? 
7744 = 44s 
7) = 


The distance required is 176 ft. 





SECTION 10.1 


~ You Try It 1 2n*= 7x — 3 
2x2 — 7x +3 =0 
(2x — 1)(« — 3) =0 

Dei) x-—3=0 

2x = ux =3 


x= 


NI 


The solutions are 5 and 3. 


YouTrylt2 x? — 3ax — 4a?=0 
(x + a)(x — 4a) =0 


x+a=0 x—-—4a=0 
x=-a x = 4a 


The solutions are —a and 4a. 


You Try It 3 Cre =) = 


x? — 2x - ="() 
Dit bod Foe DSN 
2(x 5% 35 2-0 
2x? — 5x —3 =0 
You Try It 4 
2(x + 1)* — 24=0 
2(x + 1)? = 24 
(+1)? =12 
Vix + 1)? = V12 
x+1=+42V3 
x+1=2V3 x+1=-2V3 
x=-1+2V3 c= — 1 23. 


The solutions are 


S102 V/s anda 1124: 


SECTION 10.2 


YouTrylt1 4x7-4*-1=0 
4x? —- 4x = 1 


1 (4x? - 4x) =5-1 


ble 


x-—x= 


Solutions to Chapter 10 “You Try It” 


Solutions to You Try It $29 


Complete the square. 








You Try It 2 
Det 10) 


SECTION 10.3 


YouTryilt1 x«*-—2x+10=0 
a=1;7b=+2,c=10 
—b + Vb? — 4ac 
2a 
_ =(-2) + V2? = 40) 
Dwi 
_2+V4-40 _2+V-36 


x= 





The solutions are 1 + 3i and 1 — 31. 








$30 = Chapter 10 


You Try It 2 4x? = 4x -— 1 
4x? - 4x +1=0 
a=4,b=-4,c=1 

—b + Vb? - 4ac 
ihe 220 SISO 
Aedes VCH a 4G Kh) 
224 
_4+V16-16 4+ V0 
8 8 
4 1 
782 
The solution is 7 
YouTrylt3  3x*-x-1=0 


a=3,b=-1,c=-1 

b* — 4ac = ( -1)? — 4(3)( -1) 
=1+12= 13 

13 >0 

Because the discriminant is greater 

than zero, the equation has two real 

number solutions. 


SECTION 10.4 


Re Oke et OO) 
(x12)2 — 5(x12) +6 =0 
u?—5u+6=0 

(u — 2)(u -— 3) =0 
U2 —() 5 —() 
u=2 u=3 


You Try It 1 


Replace u by x!”. 
are 
Ve 

(Vx)? = 2? 


x=4 


x2 = 3 
Vas 
(Vx)? = 32 

x=9 


The solutions are 4 and 9. 


V2xt+1+x=7 
V2x+1=7-x 
(V2x +1)? = (7 - x) 
2x +1=49 — 14x + x? 
0 =x? — 16x + 48 
Ol A= 12) 
x—-12=0 
x= 12 


You Try It 2 


x-4=0 
x=4 


4 checks as a solution. 
12 does not check as a solution. 


The solution is 4. 


You Try It 3 


You Try It 4 


V2x-1+Vx =2 


Solve for one of the radical 
expressions. 


V2x —-1=2-Vx 
(V2x — 1)? = (2 - Vx? 
2x-1=4-4Vx +x 
x-5=-4Vx 
Square each side of the equation. 


(x — 5)? = (-4Vx)? 
x? — 10x + 25 = 16x 
x? — 26x +25=0 
(x — 1)(x — 25) =0 


x— 1 =0 ee oe 
x=1 x= 25 
1 checks as a solution. 
25 does not check as a solution. 


The solution is 1. 


227 
Sy =D) 
2 





3y + 





(3y — 2)(3y + 25) = Gy — 2-8) 


(3y — 2)(3y) + Gy — 2)( 


y+1=0 
vie oul 





525) = Gy - 20-8) 

Oy? — 6y + 25 = —24y + 16 

Sy? + 18y +9=0 

Oy? +h 2y. 41) = 0 
yt 2y aL = 0 

(y + I(y + 1) =0 


y+1=0 
Vel 


The solution is —1. 


SECTION 10.5 
You Try It 1 
Strategy © This is a geometry problem. 


Solution 


e Width of the rectangle: W 
Length of the rectangle: W + 3 
e Use the equation A = L - W. 


A=L-W 
54 = (W + 3)(W) 
54 = W?2 + 3W 


0=W2+3Ww-—54 

0 = (W + 9\(W — 6) 

W+9=0 
W=-9 


W-6=0 
W=6 


The solution —9 is not possible. 
W+3=6+3=9 
The length is 9 m. 


Solutions to You Try It $31 


SECTION 10.6 






You Try It 1 2x2 -x —-10 <0 
(2x —5)@ +2) =0 

iO ae eae +++ 

2 eel eee be 


Sa Ori 2 3 


—S—4—5—2 One 2a Set 


{x|-2 =x =3} 


[Setutions to Chapter 11 “You Try It” 


SECTION 11.1 














You Try It 1 
3 
=ix-4 
F@)=—% 
b= -4 
y-intercept: (0, —4) 
3 
. 5 
You Try It 2 
Strategy ° Select the independent and depen- 
dent variables. The function is to 
predict the Celsius temperature, so 
that quantity is the dependent 
variable, y. The Fahrenheit variable 
is the independent variable, x. 

e From the given data, two ordered 
pairs are (212, 100) and (32, 0). Use 
these ordered pairs to determine the 
linear function. 

Solution 


Let @,, y,) = G2, 0) and (,, y,) = (212, 100). 
yey 2 00 Oem 100) 5 
 X,—-x, 212-32 180 9 

oy, = ma —x,) 


5 
y—0= 5 — 32) 


5 wee 
y= 9 & — 32), or C = 9 F 32). 


The linear function is f(F) = 2 (F 3339). 


SECTION 11.2 
You Try lt 1 <x-coordinate of vertex: 
PL ee eee 
Ge A 


y-coordinate of vertex: 
y=407+ 4x41 


; 1 
axis of symmetry: x = a 





You Try It 2 
Vie oa 4 
0=x2+ 3x4+4 

—b + Vb? — 4ac 


Ne a © a=1,b=3,c=4 


—3 + V3? — 4(1)(4) 


The equation has no real number solutions. There are 
no x-intercepts. 








$32 = Chapter 11 


You Try It 3 
y=x?-x-6 
a=1,b=-1,c=-6 
b? — 4ac 


(—1)? — 4(1)(—6) = 1+ 24 = 25 


Because the discriminant is greater than zero, the 
parabola has two x-intercepts. 


You Try It 4 
f(x) = -—3x* ++ 4x -1 
b _ 4 a 
day 23) es 
f@) = —3x? + 4x - 1 


)- 98) 8) 


Because a is negative, the function has a maximum 
value. 


; E Parl 
The maximum value of the function is a; 


You Try It 5 
Strategy _« To find the time it takes the ball to 
reach its maximum height, find the 
t-coordinate of the vertex. 
¢ To find the maximum height, 
evaluate the function at the 
t-coordinate of the vertex. 
Solution 
b 64 
t SS ee Dy 
2a 216) 


The ball reaches its maximum height in 2 s. 


s(t) = —16t2 + 64t 
s(2) = —16(2)? + 64(2) = —64 + 128 = 64 


The maximum height is 64 ft. 


SECTION 11.3 
You Try!t1 Any vertical line intersects the graph 
only once. The graph is the graph of a 
function. 

You Try lt2 domain: {x|x € real numbers} 
range: {y|y € real numbers} 




















You Try It3 domain: {x|x € real numbers} 
range: {y|y = 0) 

You Try it4 domain: {x|x = 1} 
range: {y|y < 0} 

SECTION 11.4 

You Try It 1 


+ Pe2D=fe2ee-2) 
=iL (2) e2(— 2) (2) 
= (4 — 4) + (-10 — 2) 
==]? 
Gj §2)G2) = 12 
YouTry!lt2 (f-g)(3) = f(3) - g(3) 
== (G3) 13) 4 
= (4'—"9)8 (© — 4) 
= (—5)(5) 
= =25 
(f- g)(3) = —25 


ole!) 
}o- 


_ 4-4 
ee ear 
vt tliat 
n116 S84 
Bli2 

25 


shay pr gem e 
({\a-2 


g(x) = x? 
a(1) =(41)2 = 


You Try It 3 (f 
& 


You Try It 4 


fx) =1—-2x 
fle(—1)) = (GQ) =1= 20) 


You Try It 5 ae 








f(x) = 3x -1 
fQ) = 3(4) -1=2 
BOE a> 
(g °f (1) = gL f1)] = g2)=—-— = 2-1 
2S) 2 
You Try It 6 M(s) =s? +1 
M[L(s)] = M(s + 1) = (s + 1)? +1 
=s3 + 3574+ 35+14+1 
= 53 + 357+ 3542 
You Try It 7 
V(x) =x? +1 
VIW(~)] = V (-Vx - 1) = (-Vx - 1) +1 
=X alert! 
=n 


SECTION 11.5 


You Try !t1 + Because any horizontal line intersects 
the graph at most once, the graph is 
the graph of a 1-1 function. 

YouTryit2 f(x)= 5x +4 

i 3x + 4 
x= ; y+4 
Dia 5 y 
ax -—8=y 
i) 2S 


The inverse of the function is 
given by f~!(x) = 2x — 8. 


YouTryit3 flg@]= 2(4x = 3} —6 
=x-6-6=x-12 


No, g(x) is not the inverse of f(x). 


SECTION 11.6 


YouTrylt1 _ 
Bet tle te) 
b Rae 


on 21) 


axis of symmetry: 
it 
y= (= 1 2(=1)- all 
=0 


vertex: (—1, 0) 





Solutions to You Try It $33 


You Try It 2 
R= eye 2y.+ 2 
b me, 


ae ee =-] 


2a) W261). ~ 
axis of symmetry: 
Dea 
2 (il) (= 1) +2 
=3 


vertex: (3, —1) 


You Try It 3 

Ween? —< 2x a] 

ab BO 2S 
2a 2(1) 

axis of symmetry: 

x=1 

Set) 

=-2 


vertex: (1, —2) 


You Try It 4 

(—hP+(y- kPa? 
Co era 
center: (h, k) = (2, —3) 
radius: r = 3 


You Try It 5 
Chie Ok) = 
(x — 2)? + [y —(-3) PF = # 
(x — 2)? + (y + 3)? = 16 


You Try It 6 
x-intercepts: 
(2, 0) and (—2, 0) 


y-intercepts: 
(0, 5) and (0, —5) 


You Try It 7 
x-intercepts 


(3V2, 0) and (—3V2, 0) 


y-intercepts: 
(0, 3) and (0, —3) 


(3v2 ~ a) 








$34 = Chapter 12 


You Try It 8 
axis of symmetry: 
X-axis 


vertices: 


You Try It 9 
axis of symmetry: 
y-axis 


vertices: 


(0, 3) and (0, —3) 


asymptotes: 
y=xandy = —-x 


(3, 0) and (—3, 0) 





asymptotes: 


5 5 
y = 3x and y = 3% 


| Solutions to Chapter 12 “You Try It” 


SECTION 12.1 You Try It 6 


5 


2 tees 
a [slaz 

2¥eree HS @ 39 
f= (Fl lal ra 


You Try It 1 f(x) = (3) 





BLON|MwWAAIS 








You Try It 2 f(x) = 2241 You Try It 7 y 
if 1 4 
—))) a= 22a lan Oy ae oe ee 
f(=2) =2 ar 5 
2 
You Try It 3 f(x) =e"! 3 
MOyeet2 Uae? 2 200855 : 
f(—2) = 2-2-1 = e-5 = 0.0067 6 
You Try It 4 y SECTION 12.2 
; You Try It 1 log,64 = x 
1 64 = 4 
1 43 = 4 
2 3=% 
1 log ,64 = 3 
4 
YouTry!lt2 log,x = —4 
Das ae 
You Try it 5 1 
oF 
puta) 
ion 





The solution is < 





UWUWNN|W BLU 





You Try It 3 





x 
3. 
4 
3 
2 
Z 
3 
5 





Solutions to You Try It $35 











Inx.=3 YouTry!t2 f(x) = log,(2x) 
eax y = log,(2x) 
20.0855 ~ x 3” = 2x 
37 
sae 
YouTrylt4 — log, Vy xy? = log,(xy?)!4 = logy?) 
x ay 
1 
= 5 (log,x + log, y?) als 
: 18 
- 3 (log. + 2 log, y) : 
= Ai ox at 1 
5 a 3 O88) 5 
3 
You Try It 5 2 
1 9 
3 (log, x — 2 log,y + log,z) 5 
iL 
= 3 log, Jog y2.+-lee2) You Try It 3 f(x) = —log,( + 1) 
1 p 1 2 y= —log,@‘+ 1) 
—— lo —-+]lo 2) = Flo 3) —y = log (x:+ 1) 
3 ( Raynes Ss2ijorieg\ Rt? a 
= log (3) = log 3 [X% Dp ee 
aly? AV 
8 2 
You Try It6 Because log, 1 = 0, log,1 = 0 3) weet 
log 6.45 , ‘ 
og 6. 2 
Try It 7 45 = —— = 0.957 paw 
You Try log,6.45 loz7 0.95795 5 1 
In 0.834 a2 2 
You Try it — log,0.834 = _—— ~ —0.16523 9 
SECTION 12.4 
SECTION 12.3 You Try It 1 43* = 25 
log 4* = log 25 
You Try It 1 f(x) = log, — 1) 3x log 4 = log 25 
y = log,(x — 1) log 25 
Dy = S4] 3x = ees 
Y+1=x °8 
3x = 2.3219 
x = 0.7740 
The solution is 0.7740. 
You Try It 2 (1.06)* =:1.5 


log(1.06)" = log 1.5 
n log 1.06 = log 1.5 





re log 1.5 
log 1.06 
n ~ 6.9585 


The solution is 6.9585. 








$36 = Chapter 12 
You Try!t3 log, (x — 3x) = 1 You Try It 2 
Rewrite in exponential form. Strategy 
SS 13K 
4 = x? — 3x 
O=x?—3x-4 
0=(x + 1)@ - 4) 
tel 0 x-—-4=0 
ee a Solution 


The solutions are —1 and 4. 


YouTrylt4  log,x + log,(x + 3) = log,4 
log,[x(« + 3)] = log,4 
Use the fact that if log,w = log,v, 
then u =v. 
x(x + 3) =4 
x? + 3x=4 
x? + 3x-4=0 
(x + 4)« —- 1) =0 
x+4=0 x-1=0 
= 4 x=1 
—4 does not check as a solution. 
The solution is 1. 
YouTry!lt5 log,x + log,(x + 6) = 3 
log,[<(« + 6)] = 3 
x(x + 6) = 33 
x* + 6x —27=0 
(x + 9)@ -— 3) =0 
x+9=0 x-3=0 
x=-9 x=3 
—9 does not check as a solution. 
The solution is 3. 
SECTION 12.5 
You Try It 1 
Strategy _To find the hydrogen ion 
concentration, replace pH by 2.9 in 
the equation pH = —log(H*) and 
solve for Ht. 
Solution pH = —log(H*) 
2.9 = —log(H*) 
—2.9 = log(Ht) 
1072-9 = {+ 
0.00126 ~ H+ 


The hydrogen ion concentration is 
approximately 0.00126. 


To find how many times as strong 
the San Francisco earthquake was, 
use the Richter equation to write 

a system of equations. Solve 

the system of equations for the 


cee 
ratio Li 
I 
; = ] seal: 
7.8 = log is 
I 
5 O87 


0 

7.8 = log I, — log I, 
5 = log I, — log, 
2.8 = log J, — log I, 


2 = 1078 = 630.957 


2 
The San Francisco earthquake was 
631 times as strong as one that can 
cause serious damage. 


Solutions to Problems S37 





_SOLUTIONS to Chapter 13 Problems — 


SECTION 13.1 
2 a, = n(n + 1) 

a,=1(11+1)=2 

a, = 2(2+ 1) =6 


The first term is 2. 


The second term is 6. 

















a, = 3(33 + 1)=12 The third term is 12. 
a, = 4(4+1)=20 The fourth term is 20. 
a 1 
"n(n + 2) 
son shee eo ‘Fel 
a, = 6642) 48 The sixth term is ae: 
1 1 : eel 
99 = 9942) 99 The ninth term is 55. 
3 = 
A. > (7-7) 


"=0-1)4+0-24+(07-3)+07-4 
=6+5+4+3=18 


ese yt to = 2) +.(6> — 2) 
= 7 4 14: +23 434 = 78 


5 
Dd nx =x + 2x + 3x + 4x + 5x 


n=1 





SECTION 13.2 
p ao o oer 
t=@- 4,2 3—9= —6 


a, =a,+ (n —1)d 
a, = 9 + (15 — 1)(—6) = 9 + (14)(—6) 








=9-84=—-75 
=—3Al, 5,9,..4 3 
d=a,—a,=1-(-3)=4 
a, =a,+(n—1)d 
a, = —3 + (n — 1)4 
a, = —-3+4n—-4 
a, =4n —7 














Strategy 


799) 1 59 
d=a,—-a,=9-7=2 


a, =a,+(n—1)d 
59 =7 + (n —1)2 
DOR a Dia 


59 =5+2n 
54 = 2n 
27 =n 


There are 27 terms in the sequence. 
—4,-2,,0; 254) «5. 
d=a,-—a,= —2 —-(-4)=2 


a, =a,+(n—1)d 
4-625 — 4)? 
—4 + (24)2 = -44+ 48 = 44 


= > (40) = 25(20) = 500 


S (Ge = 2) 


GaSe 
a, = 3(1) -2=1 


Sn re (a, a a,) 


rols MIS 


Sis = — (1 + 52) = 9(53) = 477 


To find the value of the 20th-place prize: 

« Write the equation for the nth-place 
prize. 

=» Find the 20th term of the sequence. 

To find the total amount of prize money 

being awarded, use the Formula for 

the Sum of n Terms of an Arithmetic 

Sequence. 


S38 = Chapter 13 


Solution 


SECTION 








10,000, 9700, . . . 
d =a, — a, = 9700 — 10,000 = —300 


a, =a,+(n—1)d 

= 10,000 + (n — 1)(—300) 

= 10,000 — 300n + 300 

= —300n + 10,300 
~300(20) + 10,300 
—6000 + 10,300 = 4300 


Ar 


n 
S, a 2 (a, ae a,) 


20 
Sa = F (10,000 + 4300) 
= 10(14,300) = 143,000 


The value of the 20th-place prize is $4300. 


The total amount of prize money being 
awarded is $143,000. 


13.3 
4 
92,5, 
ee 
Tr =--=>- 
oO 
a, = a,r"! 


pneat De 16 16 
a (3) - (2) - 9(8) ~ 125 


oF A, az, O28 eee 


n-1 


a, = ar 
a, = 3r* 
—192 = 377! 
—192 = 37° 
—-(44=r° 
—-4=r 
a, = ar" 
a, = 3(—4)*"? = 3(—4)? = 3(16). 
= 48 





Pure 
320 ea ee, 
Zi 
3 1 
ae ee ene 
a, 1 3 
a,(1 — r") 
Sn ot, 
1 ie 
Su 


az 


I 


8 
a 
I 
EN ORR | 





fee 
81 _ 81 
7 
3 3 
V\% 

) 
Lee 
Dara 
teat 
DP) ee 
1 
& a Mie 

a 1 
2 
a,(1 — r") 
7 

1 


NR 














Strategy 


Solution 








4-=8 
3; 2,5) 9’ 
ay 2 
(eS SS 
a, 3 
Cee eee 3 
1- 
3 
J Sas et i! 
we owe 
3 3 


0.36 = 0.36 + 0.0036 + 0.000036 + -:- 


36 36 

gees 100 100 36 4 

Meeehreial 409° 99° 1 
100 100 


: mee ae 
An equivalent fraction is ok 


To find the total number of letters mailed, 
use the Formula for the Sum of 1 Terms of 
a Finite Geometric Series. 


n=6,a,=3,r=3 





ah S99) 
Sn 1=r7 
er ee es) E28) 
: 1-3 1-3 —2 
= = = 1092 


From the first through the sixth mailings, 
1092 letters will have been mailed. 


S39 


Solutions to Problems 


SECTION 13.4 

12! 12-11-10-9-8-7-6-5-4-3-2-1 

751 (7-6:5-4-3-2:1)(5-4:3-2°1) 
= 792 


7 \  Aietipacl penis. 7 We 
0} (7-O0)10! 710! 


i agh ge Ss i leo 
(7-6°5:4-3-2-1)1) _ 











(3m — n)* 


= (5 )eomy + (f)om(—m + 
(3 )eom—n + 


5)@myi—mp + (2) —m 
= 1(81m*) + 4(27m%)(—n) + 6(9m?)(n?) + 
4(3m)(—n°) + 1(n*) 
= 81m* — 108m°n + 54m?n? — 12mn* + n* 


y+ Hu y°(~2) + (>) yv-27 + si 
= 1(y") + 10y°(—2) + 45y%(4) + - 
= y® — 20y? + 180y® + --- 





S40 Chapter 14 





SECTION 














14.1 


eee MS 
The vertex is (3, , ) 
The axis of symmetry 
1 
is the line x = a 


: b 
y-coordinate: Page a = 7 


i 2y nA 3 
Seely A 1) = 3 
x=-1 
The vertex is (—1, —1). 


The axis of symmetry 
is the line y = —1. 


14.2 
(x -—hP + (y-khP=?7? 
a2 + ly (p= 2 
(x — 2 + (y + 3)? = 16 





Xe ataeX e 
Xm = —— pee 
emer ecco SO 


Center: (1, 0) 
r= VG = Xn) + G1 = Yn)? 
Se eee) SO) nev ed 
= Vi0 
Radius: r = V/10 
(x -—hP + (y-k? =? 
(x — 1)? + (y — 0 = 10 
(es TP? 10 











SOLUTIONS to Chapter 14 Problems 

















A. Axis of symmetry: 





asia 








x? + y? — 4x + By + 15=0 
(x? — 4x) + (y? + 8y) = -15 
(x? — 4x + 4) + (y? + 8y + 16) 
=-15+4+ 16 
(x—-2P?+(y+4r=5 


Center: (2, —4) 
Radius: V5 a. 





SECTION 14.3 


A. x-intercepts: 
(2, 0) and (—2, 0) 


y-intercepts: 
(0, 5) and (0, —5) 
B. x-intercepts: 
(3V2, 0) and (—3V2, 0) 
y-intercepts: 


(0, 3) and (0, —3) 
(sv2 =A 1) 


X-axis 


Vertices: 
(3, 0) and (—3, 0) 


Asymptotes: 





5 5 
v= 3 x and i 3 x 
Axis of symmetry: 
y-axis 
Vertices: 


Asymptotes: 
Yi ix and Yi 











SECTION 14.4 
A. (1) y=2x?+x-3 


(2) y=2x?-2x +9 


Use the substitution method. 
2x? — 2x +9=2x7 +x -3 


34 + 9==-3 
oN = 12 
x= 4 


Substitute into equation (1). 
y=2x*+x-—3 
y=2(4°+4-3 
y=32+4-3 

y=33 


The solution is (4, 33). 


(1) x?-y?=10 
(2) x*+y?=8 


Use the addition method. 
2x? = 18 
x=9 


x=tVv9=33 


Substitute into edueoon 2) 


r+y=8 r+y=8 

ah ay & (-3 + y? =8 

9+y= 9+y=8 
2 = 2 


ia Vea 
= eG y=+V-1 
y is not a real number. Therefore, the 
system of equations has no real num- 
ber solution. 


SECTION 14.5 


A. Graph the ellipse = x oh ee =lasa 


solid line. 16 


Shade the region of the plane that 
includes (0, 0). 





Graph the hyperbola ~ Se ¥ = asa 


solid line. 
Shade the region that includes (0, 0). 








n=7,a=t,b=-—2s,r 


7 7-341 3-1 _ z 57: 2 
ae Jo (—2s)>*? = (7) (—2s) 
= 211°(4s”) = 84t°s? 


Solutions to Problems S41 


Graph the ellipse = = a v= lasa 
solid line. 


Shade inside the ellipse. 


Graph the parabola x = y? — 2asa 
dashed line. 


Shade inside the parabola. 


The solution set is the region of the 
plane represented by the intersection 
of the solution sets of the two 
inequalities. 





Pal 
Graph the ellipse = = a =lasa 
solid line. 
Shade outside the ellipse. 


Graph the circle x? + y? =9asa 
dashed line. 


Shade inside the circle. 


The solution sets of the two inequali- 
ties do not intersect. This system 

of inequalities has no real number 
solution. 





3 





yi a" oy a =< iit 
. _- agit mde i As 43 
" ne, a sate ~ = oe a 
oa 


ea scaler ving 


chee. pape mang - 


cee La aS 


ps us sia 1 bs ie 


steer iss eit # ca 
. Dae ata oy aes Ne 
ie aha o aia: 


2 REI ed SE a te et 


ae Ts et ee i ae ett 
i ne ent. tires fa Jone recat 


share? re arches ! 2 
a: hate 2a ag xe bith cmeetege 


; 3%, uadiwipa we 





Answers to Odd-Numbered Exercises Al 


| Answers to Chapter 1 Odd-Numbered Exercises 


SECTION 1.1 


fq. 8 > —6 Soa Dia 5. 42> 19 1g Oa 9. 53 > —46 11. false 13. true 15. false 17. true 
19. false 21. —23, -18 232M 257-23 27. —4 29. 9 31. 28 33. 14 Soh 37. 0 
$9.74 41. —82 43. -81 45. |-83| > |58| 47. |43|<|-52| 49. |-68| > |-42| 51. |-45] <|-61 

53. 19,0, —28 Dee 4 Ul 7, See bl HONS 61. —83 63. —46 65. 0 Gia > 69. 9 71. 1 
73. 8 75s, 9 79. 9 81. —3 83. 18 85. —10 87. —18 89. —41 OT 93. 0 
}95. —34 97. 0 ck =) 101. 11 103. —18 105. 0 107. 2 109. —138 111. —8 Sele 
a. —20 117. 42 1to 2S 121. 60 123.0253 125. —238 127. —114 1295 131. 8 

oS. i) LS SI 137. —6 ISO 141. 11 143. —14 145. 15 147. —16 149. 0 151. —29 
153. undefined oS se ol! 157. undefined 159. —105 161. 252 163. —240 165. 96 167. —216 
169. —315 171. 420 173. 2880 WS. 2172 177. 0 179. The difference in elevation is 7046 m. 

181. The difference between the highest and lowest elevations is greatest in Asia. 183. The difference is 5°C. 

185. The student's score is 93 points. 187. The difference was $292 million. 189. The difference is 29°F. 


SECTION 1.2 


1. 0.125 Se02) 750.16! 379 0.5625" 9.'0.583'" 11. 0:24 13. 0.225 15. 0.45 17. =, 0.40 


22 8 87 9 3 3 1 1 23 
19. 35° 0.88 21. 5) 1.6 23. 100” 0.87 25. > 4.50 27. 70 29. 3 31. 400 33. 16 35. 400 37. 0.091 
39. 0.167 41. 0.009 43. 0.0915 45. 0.1823 47. 37% 49. 2% 51. 12.5% 53. 136% 55. 0.4% 
57. 83% 59 375% 61 4440, 63. 45% 65. 250% 67 = 69 =e 71 = 73 z 75 a 

. ‘Oo . > oO . 9 if . oO . oO . 24 . 24 . 26 . 8 . 12 

7 3 1 

77. 54 79. 0 81. 3 83. ep 85. 16 87. 7.29 89. —3.049 91. —1.06 = —23.845 : . 
3 1 
95. i 97. ce is - Bolles) g 101. 19.61 103. ard 105. 10 107. 6 109. 30 111. 64 
1 

113. 25 115. a5 117. 3 119. 3 121. 4.164 123. 4.347 125. —4.028 27222 129. —1.104 


131. 0.506 133. —0.2376 135. —274.4 AS] 2-5 139. —5.11 141. —2060.55 143. 2401 


27 
145. —64 147. —8 149. —125 151. ie A 153°53:375 Whi Sal 157. 6.75 159. —405 161. —8 


163. —6750 165. —144 167. —18 169. 4 171. 7 173. 4V2 175. 2V2 9177. 18V2 179. 10V/10 


181. V15 183. V 29 185. —54V2 187.3V5 189. 0 191. 48V2 193. 15.492 195. 16.971 197. 16 


199. 16.583 201. 15.652 203. 18.762 205a. 47% of Waterworld’s total gross was from foreign countries. b. Judge 
Dredd’s U.S. box-office gross was 44% of its total gross. ¢. Judge Dredd and Spy Hard grossed more than half their box-office 
incomes in foreign countries. 207a. You would receive 7.1844 million French francs. b. $1.66 in U.S. dollars is equiva- 
lent to 1 British pound. 209a. The annual losses for Mattel would be —$818.496 million. b. The average monthly loss 
was —$5.614. 211. 3, 4,5, 6, 7, 8,9 


SECTION 1.3 

1. 0 See lal 5. 20 aa) 9. 20 11. 29 13. 11 15. 7 we =i 19. 6 21. 15 23. 4 
1 ; 17 33 

25. 5 21h al 29. 4 Sim OLS t 33) 17 35. tie 37. Answers will vary. For example, 5] and 48° 


1 
39. Answers will vary. For example, a. r = 5? bent acut— 2: Ale ai=2b =376—6 























A2 Chapter 1 


SECTION 1.4 
VQ Prt Fe fier J she. Sn pea Senin gd ee rl ee 7 nd Om eee Pen ene ore 


25. —3 Tee, 29. —4 31. 10 Souls) SO OX 37. 9a 39. 2y Al 12y 3 43. 9a 


45. 6ab 47. —12xy 49. 0 51. ae y 53. = y2 55. 20x 57. —4a 59. —2y? 61. —2x + 8y 63. 8x 


65.1920 -—12b 67. -12x—2y 69. —-7x2-5x 71. 60x 73. -10a 75. 30y 77. 72x 79. —28a 
81. 108 83. —56x2 85. x2 87. x)= 89. a9. 9B. x) 9H n= 97. 2x = 99. —2x 101. — 15a? 
103. 6y 105. 3y 107. -2x = 109. -9y 114. —x —7)—-118. 10x — 35 = 115. —Sa - 80 —'117. —15y + 35 
119. 20-14b 121. —4x + 2y 123. 18x2 +. 12x 125. 10x — 35 127. -14x + 49. 129. —30x? — 15 

131. —24y2+96 133. 5x2+5y2 135. “3 x+2y 137. 3x2+6x—-18 139. -2y2+4y-8 141. —2x+3y- 
143. 10x2 + 15x-—35 145. 6x2 + 3xy—9y2 147. -3a2—5a+4 149. -2x-16 151. -12y-9 153. In -7 


J 
3 


155. —2x + 41 Seo Veet 159. 2a — 4b 161. —4x + 24 163. —2x — 16 1655 —3%-F 2 167. —4x + 12 


5 
169. —x + 50 171. = 173.x +20 175. 10(@ — 50); 10x — 500 177. ax £6, 179% = Aaa) a 


15 2 2, 14 x : 
— _— ‘ — i + 
Fiagp a8. St Thge tig ane SFudOiz pee WAcazgeee 


1 5 fl 
191. (+8) + 5x; +5048 193. x + («+ 9); 2x +9 195. x — (8 — x); 2x — 8 197. 3% — BX — 54% 


1 
1990) (45) + 250 7 201. 2(6x + 7); 12x + 14 203. B + 40 205. 2g, 20 —g 207. 5b 209. 4d 211. yes 





181. 4(x + 19); 4x + 76 183. 


1 3 
213. 2x 215. 4% 217. 5% 


SECTION 1.5 


1. A ={16, 17, 18, 19, 20, 21} 3. A = (9, 11, 13, 15, 17} 5. A = {b,c} 7. AUB = (3, 4, 5, 6} 
9. AUB = {-10, —9, —8, 8, 9, 10} 11. AUB =a, b,c, d,e, f} 13. AUB = (1, 3, 7, 9, 11, 13} 15. AN B= {4,5} 
17.ANB=6 19. AN B= {c,d, e} 21. {x|x > —5, x © negative integers} 23. {x|x > 30, x € integers} 


25. (x|x > 5, x € even integers} 27. {x|x > 8, x € real numbers} 


29, —+-+-++4 +++ ++ 31. 

-5-4-3-2-1 0123 45 -5-4-3-2-1 012345 
33. ~++4+-(++ + HH 35. 

-5-4-3-2-10123 4 5 -5-4-3-2-1 012345 
37. 


S43 2 1 0! 2s 4S 


41a. never true b. always true c. always true 43a. yes b. yes 


CHAPTER REVIEW 
140 ETA) 2. 4° (LIB) S255 (f-1By 4-13" (PCy er cy 6: eae) 
7.-20 [11D] 8.0.28 [1.2A] 9. 0.062 [1.2B] 10. 62.5% [1.2B] 11.4 f[1.2c] 12. — 1.068 [1.2C] 


72 16 Me 


13. —2- [12D] 14. —4.6224 [1.2D] 15. 2, ([1.2E] 16.12 [1.2F] 17. -6V30 [1.2F] 


18. 31 [1.3A] 19. 29 [1.4A] 20. 8a — 4b [1.4B] 21. 36y [1.4C] 225 10%— 355) [4k4D] 
23. 7x + 46 [1.4D] 24. —90x +25 [1.4D] 25: (1533;5) 7} DE5A) 26. AN B=(1,5,9} [1.5A] 


— tt ll tt ; 
27. i ae Ee ae [1.5C] 28 s:20hs pe, 5 Lae, es [1.5C] 29. The student's score 


was 98. [1.1E] 30. The value of the purchase is $10,632.91. [1.2G] 31. 2x — 3% x [1.4E] 32. number of 


American League players’ cards: A; number of National League players’ cards:5A [1.4E] 33. number of ten-dollar 


bills: 7; number of five-dollar bills: 35 — T [1.4E] 


Answers to Odd-Numbered Exercises A3 


CHAPTER TEST 


a. —2> =40 (24 A] 2.4 [1.1B] 3. —-4 [1.1B] 4. —-14 [1.1C] 5F— 16) [Mee] 6. 4 [1.1C] 


= 9 1 
7. 17 (1.1D} 8. 0.7 [1.2A] 9. 30° 0.45 [1.2B} 10. 15 [1.2C] ie SOO Om lte2 TD] 12. -5 [1.2D] 


13. 12 [1.2E] 14. -6V5 [1.2F] 15. 17 [1.3A] 16. 22 [1.4A] 17. 5x [1.4B] 18. 2x [1.4C] 
19) 6x? 2172 [14D] 20. -x+6 [14D] 21. -7x +33 [1.4D] 22:i( 22} 10; 452; 3}0 [154] 
23. (x|x < —3} [1.5B] 24. AUB=({1, 2,3, 4,5, 6,7, 8} [1.5A] 


tt tt HH met tt 
po2) Eagan oa sas DCI S264 iP Bees Ga, geyeer OOLIRSC] 


27. 10(x — 3); 10x — 30 [1.4E] 28. The speed of the catcher’s return throw is s. The speed of the fastball is 2s. [1.4E] 
_ 29a. The annual losses would be — $12,560,000. b. The average monthly loss was —$5,070,000. [1.1E] 


: 30. The price of the Nike stock at the end of the trading day was $622 a lae2G] 


| Answers to Chapter 2 Odd-Numbered Exercises 


SECTION 2.1 


at. yes 3. no 5. no 7. yes 9. yes 11. yes 13. no 15. yes 17. yes 19. yes 21. no 


23. '6 25. 16 21k ZO 31. 1 33. 0 35. 3 37. —10 393 41. —14 43. 2 

1 3 1 7 
45. 11 47. -9 AST | 51. —14 535) 55. —1 5S7y 59. a3 61. 44 63. D 65. ans 
67. 0.6529 69. —0.283 UemoE2O TBs 5) 75. 0 UT We 2 79. 9 81. 80 83. —4 85. 0 87. 8 


8 
So: —7 91. 12 SSS 95. 15 Sime 0 99. 0 101. 15 103. 75 105. 3 107.3 109. 3 


3 15 
111. ay 113. 7 115. 4 117. 3 119. 4.745 121. 2.06 1235 —2.13 125. 28 127. 0.72 


129. 64 131. 24% ASSciee 135. 400 137. 9 139. 25% 141, 5 143. 200% 145. 400 147. 7.7 
149. 200 151. 400 153. 20 155. 80.34% 157. 19% of the students are in the fine arts college. 159. 65% 
of the amount spent by companies was spent on sports. 161. The total electricity used for home lighting is 96.1 billion kWh. 


163. There were about 2,482 million shares. 165a. More money was spent on new cars in 1986. b. $41 billion more was 
spent on new cars in 1986. 167a. Answers will vary. b. Answers will vary. 171. It is two times its original value. 
SECTION 2.2 


A. 3 3. 6 Seal ema SieZ Wt Z 13:5 1553 17. 6 19. 3 21. 1 23. 6 oO al 


5 4 1 ] 3 1 if 13 
ee at We 38: = 8, an RFs Gey Bago Mle git 4B 1 yesBoks APO y AB.zo 
51. : 53. -5 oeemeayis uate 61 io, 63/25" "65.21" 67.15 68. te 74 2 
73. = 75. -= 77 793 81-1 83. -2 «85 2 «873i 1291.2 = 83. 2 Ss «9. 3 


2 5 3 
97. 0 99 101. —3 103. —1 105. 4 107. 3 109. 5 111. 7 113: 1 115. 4 117. —1 


, 4 1 1 10 ome 2 ; 
AAO el 121. —3 123. 3 125. a 127. =5 129. 3 131. Z 133. x + 12 = 20; 8 


Ne 
135. =x=—30;-50 187. 3x +4=13;3 139. 9x-6=12;2 141. e+ I= 953 0 143. Sx —- 17 = 255 
145. 6x +7 =3x-8:-5 147. 30=%—9;— 149. 2x = (21 — x) +3;8,13 181. 23-2 = 2x + 556,17 


153. 19 155. —14 157. 41,493 161. no solution 163. —21 

















A4 Chapter 2 


SECTION 2.3 


1. 20 oz of herbs should be used. 3. The cost of the mixture is $1.84 per pound. 5. 3 lb of caramel is needed. 

7. 2c of olive oil and 8c of vinegar are used. 9. The cost is $3.00 per ounce. 11. 16 oz of the $400 alloy should be used. 
13. 37 lb of almonds and 63 lb of walnuts were used. 15. 228 adult tickets were sold. 17. The cost is $.70 per pound. 
19. The resulting gold alloy is 24% gold. 21. 20 gal of the 15% acid solution are used. —_23._ 30 Jb of the yarn that is 
25% wool is used. 25. 6.25 gal of the plant food that is 9% nitrogen is used. 27. The resulting mixture is 19% sugar. 
29. 20 lb of the coffee that is 40% java beans are used. 31. 100 ml of the 7% solution and 200 ml of the 4% solution are 
used. 33. 150 oz of pure chocolate must be added. 35. The resulting alloy is 50% silver. 37. There must be an ad- 
ditional $5000 added. 39. There was $9000 invested at 7% and $6000 at 6.5%. 41. There was $2500 deposited in the 
mutual fund. 43. The university deposited $200,000 at 10% and $100,000 at 8.5%. 45. The mechanic must invest 
$3000 in additional bonds. 47. $40,500 was invested at 8%. $13,500 was invested at 12%. 49. The total amount in- 
vested was $650,000. 51. The total amount invested was $500,000. 53. The rate of the first plane is 105 mph. The 
rate of the second plane is 130 mph. 55. They will be 3000 km apart at 11 A.M. 57. The cabin cruiser will be alongside 
the motorboat 2 h after the cabin cruiser leaves. 59. The distance from the airport to the corporate offices is 120 mi. 

61. The rate of the car is 68 mph. 63. The distance between the two airports is 300 mi. 65. The two planes will pass 
each other 2.5 h after the plane leaves Seattle. 67. They will meet 1.5 h after they begin. 69. The bus overtakes the 
car 180 mi from the starting point. 71. 3.75 gal must be drained from the radiator and replaced by pure antifreeze. 


1 
73. The cyclist’s average speed for the trip was 13 3 mph. 


SECTION 2.4 

Tac — 5) IS) ile = 2) 5. {x|x < —4} Toate | ke. 3) 9. {x|x > 4} 11. {x|4= 2} 13. (x|x > —2} 

15. {x|x = 2) 17. (x|x > —2} 19. (x|xi=13), ©21.%fe|x <12)80 23) [x|x=— —3) a8 fom {xlx =e5)}0-— 27: {rie > ~5 
29. xx < = 31. {rk < | 33. {x|x>1} 35. {rk > =) 37. {x|x<1) 39. {rk < :| 


41. 


= 

Sac Ga 
S 
IA 


it 5 

4 43. {rh = 3} 45. (x|x=2) 47. {x| -2<x<4}) 49. (x|x< 30rx > 5} 

51. {x] -4<x<2}) 53. {x|x>60rx<-4) 55. [xlx<-3} 57. {x| -—3<x<2} 59. {x| -2<x<1]} 
61. [x]x<-2orx>2} 63. {x|2<x<6} 65. {x| -3<x< —2) “67; {> > Sion xi< 3} 69. {x|x < 3} 


17 
77. {al- 5 <a = + 79. The solution set is the set of realnumbers. 81. The solution set is the empty set. 


17 
Sa 


x5 


71. The solution set is the empty set. 73. The solution set is the set of real numbers. 75. {x 





83. The smallest number is — 12. 85. The maximum width as an integer is 11 cm. 87. The TopPage plan is less ex- 
pensive for more than 460 pages per month. 89. The call must be 7 min or less. 91. The temperature range for the 
week was between 32°F and 86°F. 93. The amount of sales must be $44,000 or more. 95. The business writes more 


than 200 checks monthly. 97. The range of scores is 58 < N < 100. 99. The ski area is more than 38 mi away. 
101. (1, 2} 103. © 


SECTION 2.5 
1. 7,-7 3. 4, —4 5. 6, -6 7. 7, -7 9. There is no solution. 11. There is no solution 13. 1, —5 


15. 8,2 AZ ee 19. There is no solution. 21, -5, 8 23. ; 25. There is no solution. 27. 7, -3 


1 


pele 3 ; 3 1 1 
29. 2, Sil lees 33. 5 35. There is no solution. 37. 6. S$ 39. =r wf 41. There is no solution. 


7 


43. 3,0 45. There is no solution. 47. 1, > 49. There is no solution. 51. ;, 53. — 55 Le 
‘ 2 


Z 
2 


wile 


8 10 f : 
57. —3,3 59. Thereisno solution. 61. {x|x > 3 orx < —3} 63. {x|x >1lorx<-3]) 65. {x|4 =x <6} 


Answers to Odd-Numbered Exercises A5 


67. {x|x=S5orx=-1} 69. {x|-3 <x <2} 71. tah S201 eX -> 73. @ 75. The solution set is the set of 


1 
realnumbers. 77. {xl =—-jorx= 3| 79. {>\-2 Sx | 81. {x|x=2} 83. {ok <——2.0r xe. 4 


3 9 4 
85. {x-3 <a | 87. {> —=—Oone = “| 89) {x|x > 5 orx <0) 91. The lower limit is 1.742 in. The upper 


limit is 1.758 in. 93. The lower limit is 195 volts. The upper limit is 245 volts. 95. The lower limit is 9 sin. The 


ers A? lg : aie 
upper limit is oa in. 97. The lower limit is 28,420 ohms. The upper limit is 29,580 ohms. 99. The lower limit 


is 23,750 ohms. The upper limit is 26,250 ohms. 101.a. {x|x = —3} b. {ala = 4} 103.a.= b= c= d= e@ = 


‘(CHAPTER REVIEW 


Meo (2 1A] 2 21 iB) 3.20 12.1C). 4 =3 eA] 1s. -: [2.2A] 6. [2.28] — 7. 4-12.28] 


Be? (29C] 4:9. 10. [2.26] 10. {zz> | [2.4A] 11. (xlx> -1) [24A] 12. {21-3 <x <4 [2.4B] 


13. The solution set is the real numbers. [2.4B] 14. -— : er (AYN 15. 9,-1 [2.5A] 16. {x|1<x<4) [2.5B] 


1 
17. {xl == OL Gus | [2.5B] 18. 30 is 250% of 12. [2.1D] 19. 5% of 1600 is 8. [2.1D] 


W208 Sx) 4 = 163%:—= 4, [2.2D] 20ess—s2 (2.1) 2 8 13. 22D] 22. The airline would sell 177 tickets. [2.1D] 
23. The rebate is 6.1% of the cost. [2.1D] 24. 7 qt of cranberry juice and 3 qt of apple juice were used. [2.3A] 
25. The cost is $3 per ounce. [2.3A] 26. The percent concentration of butterfat is 14%. [2.3B] 27. 375 |b of the 
alloy containing 30% tin and 125 lb of the alloy containing 70% tin were used. [2.3B] 28. The total amount invested 
was $450,000. [2.3C] 29. $1400 was deposited at 6.75%. $1000 was deposited at 9.45%. [2.3C] 30. The jet over- 
takes the propeller-driven plane 600 mi from the starting point. [2.3D] 31. The average speed on the winding road was 


32 mph. [2.3D] 32. The range of scores is 82 =x = 100. [2.4C] 33. The lower limit is 1.75 cc. The upper limit 
1s? 5) com 1256] 


CHAPTER TEST 


ei B ieee? 5.1218) 32-3 [22A] %4.2°[2.2C) 5.no [2.1A] 6.5 [2.2A] 7. 0.04 [21D] 
3 -5 [2.2C] 9.2 [2.2B] 10. -12 [2.1C] 11. {x|x<-—3)} [2.4A] 12. {x|x>-1} [2.4A] 


aS. (eke 2) 12:48) 14. 0 [2.4B] 15. 3-5 [2.5A] US, 5 =2 ASV 17. {> 





; =<'gz 3| [2.5B] 


18. {xix OT ae i} [2.5B] 19. 4,11 [2.2D] 20. The cost of the hamburger mixture is $2.20 per 


pound. [2.3A] 21. 1.25 gallons of 20% salt solution must be used. [2.3B] 22. $5000 is invested at 3% and 
$15,000 is invested at 7%. [2.3C] 23. The rate of the snowmobile is 6 mph. [2.3D] 24. You can drive the Gambelli 
Agency car less than 120 mi per day. [2.4C] 25. The lower limit is 2.648 in. The upper limit is 2.652 in. [2.5C] 


CUMULATIVE REVIEW 
19 49 


ao. [tC] 2. —48 [1.1D] 3. —33 [1.2C] 4.54 [1.2E] 5. 75 [1.3A] 6.6 [1.4A] 7. —17x [1.4B] 


8. —5a—4b [1.4B] 9. 2x [1.4C] 10. 36y [1.4C] 11. 2x2 + 6x —4 [1.4D] 12. —4x +14 [1.4D] 


zs +++ + 1 HH 
Be 64 MD) WIACANB=—{n4,0hd 5B) jasper a LSC] | 16 yyesoA2,1 AI 


1 
17. -25 [2.1C] 18. —-3 [2.2A] 19.3 [2.2A] 20. -3 [2.2B] 21.5 [22B] 22.13 [2.2C] 23. {x|x = 1) 


4 11 
[2.4A] 24. {x| -4<x<1} [2.4B] 25. -land4 [2.5A] 26. {a Oa = -$} [2:5BJ poe 2le sql) 28) 


28. 103% [1.2B] 29. 25% of 120 is 30. [2.1D] 30. 6x + 13 = 3x —5;x=-6 [2.2D] 31. 20 lb of oat flour must 
be used. [2.3A] 32. 25 g of pure gold must be added. [2.3B] 33. The length of the track is 120m. [2.3D] 














A6 Chapter 3 


| Answers to Chapter 3 Odd-Numbered Exercises 


SECTION 3.1 


1. 40°; acute 3. 115°; obtuse 5. 90°; right 7. The complement is 28°. 9. The supplement is 18°. 

11. The length of BC is 14 cm. 13. The length of QS is 28 ft. 15. The length of EG is 30 m. 17. The measure 

of ZMON is 86°. ISO Ze ZA BOS 623.7 3601! ye 2in 127? er 2TIII6S 2) 12951205 31. 20° 33. 20° 

39. 141°" 37, 106°. 39 11° Al. Za = 38°, Zb= 142° | 43. Za =47°, 2b = 133° 45. 20° 47. 47° 

AST 2x = 1552, Zy = 70° 51. Za = 45°, Zb = 135° 53. 90° — x 55. The measure of the third angle is 60°. 

57. The measure of the third angle is 35°. 59. The measure of the third angle is 102°. 61.a. 1° b. 179° 65. 360° 


SECTION 3.2 


1. hexagon 3. pentagon 5. scalene 7. equilateral 9. obtuse 11. acute 13. 56 in. 15. 14 ft 

17. 47 mi 19. 87 cm or approximately 25.13 cm 21. 117 mi or approximately 34.56 mi 23. 177 ft or approxi- 
mately 53.41 ft 25. The perimeter is 17.4 cm. 27. The perimeter is 8 cm. 29. The perimeter is 24 m. 

31. The perimeter is 48.8 cm. 33. The perimeter is 17.5 in. 35. The length of a diameter is 8.4 cm. 

37. The circumference is 1.57 in. 39. The circumference is 226.19 cm. 41. 60 ft of fencing should be purchased. 
43. The carpet must be nailed down along 44 ft. 45. The length is 120 ft. 47. The length of the third side is 10 in. 
49. The length of each side is 12 in. 51. The length of a diameter is 2.55 cm. 53. The length is 13.19 ft. 

55. The bicycle travels 50.27 ft. 57. The circumference is 39,935.93 km. 59. 60 ft? 61. 20.25 in? 

63. 546 ft? = 65. 16a cm? or approximately 50.27 cm? _—«67.. 30.25 mi2 or approximately 95.03 mi? 69. 72.257 ft? 
or approximately 226.98 ft? 71. The area is 156.25 cm2. 73. The area is 570 in?. 75. The area is 192 in?. 

77. The area is 13.5 ft?. | 79. The area is 330cm?. _—‘81.. The area is 257 in?. 83. The area is 9.08 ft?. 

85. The area is 10,0007 in?. 87. The area is 126 ft?. 89. 7500 yd? must be purchased. 91. The width is 10 in. 


93. The length of the base is 20 m. 95. You should buy 2 qt. 97. It will cost $74. 99. The increase in area 


2 
is 113.10 in?. 101. The cost will be $638. 103. The area is 216 m2. 105. 4:9 109. A= at 


SECTION 3.3 


1. 840 in3 3. 15 ft? 5. 4.57 cm? or approximately 14.14 cm3 7. The volume is 34 m3. 9. The volume is 
42.875 in?. 11. The volume is 367 ft3. 13. The volume is 8143.01 cm3. 15. The volume is 7577 in3. 

17. The volume is 120 in3. 19. The width is 2.5 ft. 21. The radius of the base is 4.00 in. 23. The length is 5 in. 
The width is5in. 25. There are 75.40 m3 inthe tank. 27.94m2 29.56m2 31. 967 in? or approximately 
301.59 in? 33. The surface area is 184 ft2. 35. The surface area is 69.36 m2. 37. The surface area is 2257 cm?. 
39. The surface area is 402.12 in?. 41. The surface area is 677 ft2. 43. The surface area is 297 in?. 45. The width 
is 3 cm. 47. 11 cans of paint should be purchased. 49. 456 in? of glass are needed. 51. The surface area of the 


pyramid is 22.53 cm? larger. 53.a. always true b. never true ¢. sometimes true 


CHAPTER REVIEW 


124 = 225 Zy = 158° “f3.1C] 2. 2x = 68° [3.1B] 3. The length of AC is 44 cm. [3.1A] 4.x=19° [3.1A] 

5. The volume is 96 cm}. [3.3A] 6. Za = 138°, 2b = 42° [3.1B] 7. The surface area is 220 ft2. [3.3B] 

8. The supplement is 148°. [3.1A] 9. The area is 78 cm?. [3.2B] 10. The area is 63 m2. [3.2B] 11. The volume 
is 39 ft?. [3.3A] 12. The measure of the third angle is 95°. [3.1C] 13. The length of the base is 8 cm. [3.2B] 


14. The volume is 2887 mm3. [3.3A] 15. The volume is “— cm. [3.3A] 16. Each side measures 21.5 cm. [3.2A] 


17. 4 cans of paint should be purchased. [3.3B] 18. 208 yd of fencing are needed. [3.2A] 19. The area is 90.25 m2. 
[3.2B] 20. The area is 276 m2. [3.2B] 


Answers to Odd-Numbered Exercises A7 


CHAPTER TEST 


1. The radius is 0.75 m. [3.2A] 2. The circumference is 31.4cm. [3.2A] 3. The perimeter is 26 ft. [3.2A] 
4. BC=3 [3.1A] 5. The volume is 267.9 ft3. [3.3A] 6. The area is 63.585 cm2. [3.2B] 7. a = 100°, b = 80° 
[3.1B] S/S ala 9. a = 135°,b = 45° [3.1B] 10. The area is55 m?. [3.2B] 11. The volume is 
169.56 m3. [3.3A] 12. The perimeter is 6.8 m. [3.2A] 13. 58° [3.1A] 14. The surface area is 164.93 ft. [3.3B] 


. . py $ 
15. There are 113.04 in? more in the pizza. [3.2B] 16. The measures of the other two angles are 58° and 90°. [3.1C] 


17. The bicycle travels 73.3 ft. [3.2A] 18. The area of the room is 28 yd?. [3.2B] 19. The volume of the silo 
As 1144.53 ft3. [3.3A] 20. The areais 11 m?. [3.2B] 


“CUMULATIVE REVIEW 


i -3,0,and [11Aj" 20.089 [1.28] 3. 35%. [1.2B} 4. -+ [12D] 5. -24.51 [12D] 6. —5V5 
Meer et, 28 (13Aj 28 [14A] 9. 3+ 3x [1.48] 10.2%) [hac] 11. 7% +9 [14D] 

12. a —1} [1.5A] 18. [-10, 0, 10, 20,30) [1.5A] 14. eee Pte [LSC] 15.5 [2.28] 
16.5 [2.2C] 17. (yly<—4) [24A] 18. {x]x=2} [2.4A] 19. {x]x<-30rx> 4) [2.4B] 

20. (x|2<x=6) [24B] 21. 1, os [2.5A] 22. {x|6<x<10} [2.5B] 23. 2x =131° [3.1B] 


24 4x —10=2)x=83 [22D] 25. The third angle measures 122°. [3.1C] 26. $5000 is deposited in 
the 9.5% account. [2.3C] 27. The third side measures 4.5m. [3.2A] 28. 80% of the students went on 
—tocollege. [2.1D] 29. The area is 20.257 cm?. [3.2B] 30. The height of the box is 3 ft. [3.3A] 


| Answers to Chapter 4 Odd-Numbered Exercises 


SECTION 4.1 








7. The coordinates of A are (2, 3). The coordinates of B are (4, 0). 
The coordinates of C are (—4, 1). The coordinates of D are (2, —2). 


9. The coordinates of A are (—2, 5). The coordinates of B are (3, 4). 
The coordinates of C are (0, 0). The coordinates of D are (—3, —2). 


11. The coordinates of A are (2, 4). The coordinates of B are (0, 1). 
The coordinates of C are (—4, 0). The coordinates of D are (3, —3). 


13. yes 15. no 17. no 19. no 2A Gre) 23. (6, 3) 25. (0, 1) 27. (—5, 0) 





35. {(55, 273), (65, 355), (75, 447), (85, 549)}; yes 37. {(197, 125), (205, 122), (257, 498), (226, 108), (205, 150)}; no 
3 
39. yes 41. no 43. yes 45. 8 47.9 49. 2 Silat 53: 22 55. —5 Sie) 





A8 Chapter 4 


SECTION 4.2 


a y 





19:5(3,0), (O73) 21. (10,0); (0;—-2) 23. (0, 0), (0, 0) 


Square feet 


It costs $182.50 for a custom sign 15 ft? in area. 
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Years 


x = 0 corresponds to 1997 


In the year 2000, it is projected that $1440 million ($1.44 billion) in stocks will be traded over the Internet. 


45. When the value of x changes from 1 to 2, the value of y increases 3 units. 
When the value of x changes from 13 to 14, the value of y increases 3 units. 





Answers to Odd-Numbered Exercises A9 


SECTION 4.3 a 
B: 1 2 3 
1 3. q 5. — 3 a 3 9. The slope is undefined. 11. : 13. The line has zero slope. 
: 1 ; ; 
15. —5 17. The slope is undefined. 19. m = —0.4. The percent of the population that can afford a median- 


priced new home has decreased by 0.4% per year. 21a. m = 0.5. For each additional foot a diver descends below 


the surface of the water, the pressure on the diver increases by 0.5 pound per square inch. b. The y-intercept rep- 
resents the pressure on a person at sea level. 25. yes 


27. - 29. y 31. 33. 





37. 41. The value of y increases by 2. 





43. The value of y increases by 2. 
45a. y b. 





The reciprocals of the coefficients of x and y are the x- and y-intercepts of the graphs of the lines. 
47.10 49. -4 





SECTION 4.4 
1 3 3 1 5 
1.y=2x+2 3.9 = 32> I 5. y = 3x Ty ee 19) 9.9 = = =x iy aah 13. y=2x -3 
= ay S* 19. yatx+2 2. y= 22-2 23. y=3x42 
fa yi— x -y=5% -y=5x ie yee aa 
25. The number of hours of “basic cable” watched per 27. The number of visitors is decreasing by 2.1 million 
person increases by 12.9 h per year. per year. 
y. 
500 | g 275 @& 
aes : am) 
2 300 | co 
x 2 265 |~ 
200 | = 
100 | 2 260} | 
Dewees 10 1 a ae. 
ears 
t=O pee orae to 1990 x =0 corresponds to 1992 
3 2 5 
29. no 31. yes 33. —5 35. n = —5 37.y=—-Zx +5 
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SECTION 4.5 
1. The lines are perpendicular. 3. No, the lines are not parallel. 5. No, the lines are not parallel. 7. The lines 
are perpendicular. 9. The lines are parallel. 11. The lines are perpendicular. 13. No, the lines are not parallel. 
2 8 1 5 14 
15. The lines are perpendicular. 17. The lines are parallel. 133 x 21. y=3%-3 23. = he 
3 
27. z = Oe 29. Any equation of the form y = 2x + b where b # —13 or of the form y = —5x tC where c # 8. 
1 2 


31. The x-intercept is (9, 0). The y-intercept is (0, 9). 


SECTION 4.6 








21. The inequality is y = 2x + 2. 





CHAPTER REVIEW ; 
la. Pa 2. 





[4.1A] [4.1B] 


b. The abscissa of point A is —2. 
c. The ordinate of point B is —2. 


3. yes [4.1C] 4.-1 [4.1D] 





[4.2B] [4.3B] 


Answers to Odd-Numbered Exercises A11 





[4.2a] [4.2A] 
7 
8 0 [43A] 10. => [434] 11. (8,0) and (0, -12) [4.2B] 
92. 13. 

[4.2B] [4.6A] 





Cae 5 
4. y=—5x-5 [44B] 18. y=-Sxt+16 [44a] 16 y= 2 [458] 17. y=2e+1 [454] 


18. ((55, 95), (57, 101), (53, 94), (57, 98), (60, 100), (61, 105), (58, 97), (54, 95)} The relation is not a function. [4.1C] 








19. 20. 
40 
: 
z 3 30 
8 2 20 
6 
a 
: : x 
50 100 rn 6s 
Minutes Years 
x =0 corresponds to 1990 
The cost of 50 min of access time for one The amount spent on health care increased 
month is $97.50. [4.2C] $3.85 billion per year. [4.4C] 
CHAPTER TEST 


1. (3, -—3) [4.1B] 2.6 [4.1D] 
3. {(3.5, 25), (4.0, 30), (5.2, 45), (5.0, 38), (4.0, 42), (6.3, 12), (5.4, 34)} The relation is not a function. [4.1C] 


5: 6. 


[4.2B] 





[4.1B} [4.2A] 











[4.3B] 








A12 Chapter 4 


10. 11. m = 1500. The tuition increased by $1500 per year. [4.4C] 


Speed (in ft/s) 
Pb aweSeand 
Sy 1 1 Cee: 





1 2 3 4 
Time (in seconds) 


After 1 s, the ball is traveling 96 ft/s. [4.2C] 


12. y 


Number of companies 





Years 
x =0 corresponds to 1983 


The number of mutual fund companies increased by 330 each year. [4.4C] 


13. (2,0) and (0, —3) [4.2B] 14.2 [4.3A] 15. The slope is undefined. [4.3A] 16. -= [4.2B] 


7. y=5x+3 [44A] 18. y= -2x—% [44B] 19. y=-3x+7 [4.5A] 20. y= sx+2 [4.5A] 


CUMULATIVE REVIEW 
5 


Us =Sy 3 MIVA 2 OSS. IL BH] 3.9V5 [1.2F] 4. —12 [1.3A] 5. are [1.4A] 
6. —4d—-9 [1.4B] 73 2a led 8. —13x + 7y [1.4D] 9. +++ + HH +O] 


=a <4 =3, =2 —I Oe 2a ee 


10.5 [2.2A] 14.1 [22C] 12. f|[x>-1) [24a] 13.0 [24B] 14. {xl0 <x “I [2.5B] 
15. f2)=6 [4.1D] 16. The slope is 2. [4.3A] 
19. 


17. 18. 


[4.2B] [4.3B] 





[4.2A] 


20. 21. y=-5x-2 [44B] 22. y= -3x+7 [4.5A] 


[4.6A] 





23. The first plane is traveling at 400 mph. The second plane is traveling at 200 mph. [2.3D] 
24. 32 lb of $8 coffee and 48 lb of $3 coffee should be used. [2.3A] 


10,000 


25. The slope is — 3 





. The value of the house decreases by $3333.33 each year. [4.3A] 
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Answers to Chapter 5 Odd-Numbered Exercises 





‘SECTION 5.1 


1. yes 3. yes 5. no 


(21, 























































































































The solution is (2, —1). The solution is (4, —2). The solution is (3, —2). The lines are parallel and 
therefore do not intersect. 
The system of equations has 
no solution. 


37. 















































The equations are The solution is (0, —3). The solution is (1, 0). 
dependent. The 
solutions are the 
ordered pairs (x, 2x = 2). 
43. (1.20, 1.40) 45. (0.64, —0.10) 47. Answers will vary. 


SECTION 5.2 

(21) 3. (4, 1) 5. (—1, 1) 7. The system of equations is inconsistent and has no solution. 9. The system 
E 3 

of equations is inconsistent and has no solution. 11. (-2 : -3) Asan@leet) 15. (2, 0) Wh. Cl, =) 


19. (0, 0) 21. The system of equations is dependent. The solutions are the ordered pairs (eect = 2) ene can (eta —2) 
eoecOnsi): pes, 10) 29,.(=22,-5) 31. k=2. 33. k=2 


SECTION 5.3 
4, (6; 1) 3. (1, 1) 5. (2, 1) 7. (—2, 1) 9. The equations are dependent. The solutions are the ordered pairs 


(x, 3x — 4). 11. (-3, 2) 13. The system is inconsistent and therefore has no solution. ish, (Sl, =2) 17. (—5, 4) 


19. (2,5) 24. (5,3) 23. (0,0) 25. (-1,3) 27. Z,-2) 29. (-2,3)  31.@,-1) 33. (10, -5) 
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35: (-3, 2) 37. @, :) 39. The system is inconsistent and therefore has no solution. 41. (1, -1) 

AS (243) 45. (1, —1, 2) 47. (1, 2, 4) 49. (2, —1, —2) 51. (—2, —1, 3) 53. The system is inconsistent and 

therefore has no solution. 55. (1,4,1) 57. (1,3,2) 59. ,=1,3) 61. (0,2,0) - 63:(1,5,2)" 9 G55(- 7 
Z 1 


67. A=3,B=-3 69a. 14 b. 5 c. 5 71.A=1 


SECTION 5.4 ame 
del gs-918 a) Oe 0 a7, 15)) 9-30 PRAT OT) 137G,-4) | Wr hee ey G7: (H, 2) 19. (:, y 


21. The system of equations is not independent. 23. (—1, 0) 255 (be lee) 27. (2, —2, 3) 29. The system of 


1 
equations is not independent. 31. (2, -3) 33. (3,-1.3) 36.0. | 37a. 016 b. 0 


SECTION 5.5 


1. The rate of the boat is 15 mph. The rate of the current is 3 mph. 3. The rate of the plane is 502.5 mph. The rate of the 
wind is 47.5 mph. 5. The rate of the team is 8 km/h. The rate of the current is 2 km/h. 7. The rate of the plane is 180 
mph. The rate of the wind is 20 mph. 9. The rate of the plane is 110 mph. The rate of the wind is 10 mph. 11. The 
rate of the motorboat is 13 mph. The rate of the current is 3 mph. 13. The rate of the cabin cruiser is 15 mph. The rate 
of the current is 3 mph. 15. The cost of the cinnamon tea is $2.50/lb. The cost of the spice tea is $3/lb. 17. The cost 
of the wool carpet is $26/yd. 19. The company plans to manufacture 25 ten-speed bicycles. 21. There are 480 g of 
the first alloy and 40 g of the second alloy. 23. The measure of the smaller angle is 9°. The measure of the larger angle 

is 81°. 25. There were 155 adult tickets and 90 student tickets sold. 27. You have $1500 in the 6% account and $3500 
in the 8% account. 29. The original number is 84. 31. There are 30 nickels in the bank. 


SECTION 5.6 
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CHAPTER REVIEW _- 





[5.1A] [5.1A] 


The solution is (3, 4). The solution is (—5, 0). 





[5.6A] [5.6A] 


Sneek 
5. 2, z) [5.2A] 6. (—3, —4) [5.2A] I (@, =) (IS 2/N| SCO mS SA 9. The system is inconsistent and 


therefore has no solution. [5.3A] 10. (1,1) [5.3A] 11. The system is inconsistent and therefore has no solution. 


obi 12.0 -1,-2) [5.38] 13.10 [5.4A]. 14, —32 [5.4A] 15. (-}, -%) [5.4B] 16. (2, -2) 





: [5.4B] 17. (3, -2, 2) [5.4B] 18. (0, —2,3) [5.4B] 19. The rate of the plane is 150 mph. The rate of the wind 
—is25 mph. [5.5A] 20. The cost of the cotton is $9/yd. The cost of the wool is $14/yd. [5.5B] 


CHAPTER TEST 


1 


1. (6, -4) [5.2A] 2. (-4,7) [5.3A] 





[5.1A] [5.1A] 


The solution is (0, 3). The equations are dependent. The solutions 
are the ordered pairs (x, 2x — 4). 


5. (x, —4xt 3) [5.2A] 6. (x, 5 = 2) [5.3A] 2. (3,8 tere) (5.38) 8, (5, —273)F -(5:3B] 9. 28 [5.4A] 


io) O° (54Al 11. G,—1)- (5.4B] © 12. (42,3) [5.4B] 13. (-1,-3,4) [5.4B] 14. (2,3, -5) [5.4B] 





[5.6A] [5.6A] 


47.°(2,1) (5.2A] 18. The rate of the cabin cruiser in calm water is 16 mph. The rate of the current is 4 mph. [5.5A] 
19. The rate of the plane in calm air is 175 mph. The rate of the wind is 25 mph. [5.5A] 20. On Friday evening, 
100 children attended the movie theater. [5.5B] 
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CUMULATIVE REVIEW 


6V10" [1.2F) 2: 22) [2.207 8. 3 24e AD]. 84. SEA AS ys: {x|x <6} [2.4B] 
6. {x| —4<x <8} [2.5B] 7. (xle>4 ore —1)) [2.5B]) &.FQ)= 1 —41D] 


3 1 
9. [15C] 10.y=—2x+2 [44a] 11. y=5e-11 [44B] 12.y=-52+5 [45Al 
Bede eigor 2 ok S 3 


14... 





[4.3B] [4.6A] 


16; (—5,—11) IS.2A] A72Cl 0 b)elo.sis| 18. 3 [5.4A] 19. (2, —3) [5.4B] 





i NM  [5.1A] 
The solution is (2, 0). 


20. y 


[5.6A] 





21. 60 ml of pure water must be used. [2.3B] 22. The rate of the wind is 12.5 mph. [5.5A] 23. One pound of steak 
costs $5. [5.5B] 24. The lower limit is 10,200 ohms. The upper limit is 13,800 ohms. [2.5C] 25. The slope is 40. 


The slope represents the monthly income (in dollars) per thousand dollars in sales. [4.3A] 


| Answers to Chapter 6 Odd-Numbered Exercises 


SECTION 6.1 


1. atb4 3. —18x3y4 5.1 xeyee 7. 81x8y'2 9. 729a'b® 11. xy}! 13. 729x® by Boe 17. 4096x!2y!2 
19. 6447418 21. x2"t1 = 23, yon-2 2B, g2n’-6n 97, x lSn+10 29, —6x5y5z4 81. —12a2b%c2 33. —6x4y4z5 














3,2 
35th 637, S4abl? . ag aseeuar.y 4g sac 47, 2 gee en 
4 y 2 9 ye xoy 10 
. 1 y® y4 1 1 16x8 3a4 
B5rxy> | Blass ; . es ——— —— ee oes 
Be) Piaget meet 8) 8h ag, s poe Bly tz 4b 
9a 16x? 1 1 1 me 8b 8 
a Oe 8 7 = yn? Seas & 
ange oe 1 cae Tomer 181g 83. an 8. BT. ae) | SS 


91. 4.67 X 107° 93: 1.7 X 10m0 95. 2 x 101! 97. 0.000000123 99. 8,200,000,000,000,000 101. 0.039 

103. 150,000 105. 20,800,000 107. 0.000000015 109. 0.0000000000178 111. 140,000,000 113. 11,000,000 
115. 0.000008 117. Light travels 2.592 x 10!° km in one day. 119. The signals traveled at 1.081 < 107 mi/min. 

121. The centrifuge makes one revolution in 6.6 X 1077s. 123. The sun is 3.38983 X 10° times heavier than Earth. 

125. One orchid seed weighs 3.225806 x 1078 oz. 127. The Coma cluster is 1.6423949 x 102! mi from Earth. 


Answers to Odd-Numbered Exercises A17 


SECTION 6.2 aE 

‘la JG) = 418} 3: RO) =10 5. f(—1)= +11 eek, = b. 8 c. 2 

9. The expression is not a polynomial function. 11. The expression is not a polynomial function. 
13.a. 3 b. 7 CaS IMA. =3 b. 2 C3 17.a. 14 b. 14 c. 0 
19. y 21. |. 


23. peepee y spengponngseees 25. 6x2 — 6x + 5 








27. —x? +1 29. 5y?—15y + 2 31. 7a? -—a $2 33. P(x) + R(x) = 3x2 — 3xy — 2y? 
| 35. P(x) — R(x) = 8x? — 2xy + 5y? 37. S(x) = 3x4 — 8x? + 2x~S(2) = 20 39.a.k =8 b. k = —4 


SECTION 6.3 


i. x7 — 2x 3. =x? — 7x 5. 3a°— 6a" Dee Kt Oe 9, —3x> + 7x? Wide 127 6x 134647. el 2x 
15. 3x? + 4x Veo yxy Wyre2k = 3x7 42x) 21, 2a? 3a**4 2a. 23, 3K = 3x — 2x2 

25. —6y* — 12y3 + 14y? 27. —2a3 — 6a? + 8a —s 29. Gy* — 3y3 + by? 331. x3y — Bx2y2 +xy3 333. x3 + 4x2 + 5x42 
35. a? — 6a2 + 13a — 12 37. —2b> + 7b? + 19b — 20 39. —6x? + 31x? — 41x + 10 41. x? — 3x27 + 5x -— 15 

43. x* — 4x3 — 3x2 + 14x — 8 45. 15y? — 16y2 — 70y + 16 47. 5a* — 20a? — 5a? + 22a — 8 

49. y+ + 4y3 + y? — 5y +2 51. x2 + 4x +3 53. a2 +a — 12 55. y* — 5y — 24 57. y? — 10y + 21 

59. 2x7 + 15x +7 61. 3x2 + llx —4 63. 4x2 — 31x + 21 65.3)" = 2y = 16 67. 9x? + 54x + 77 

69. 21a? — 83a + 80 71. 6a? — 25ab + 14b2 73. 2a* — 1lab — 63b2 75. 100a? — 100ab + 21b? 

77. 15x2 + 56xy + 48y2 79. 14x2 — 97xy — 60y? 81. 56x? — 6lxy + 15y2 83. y2-25 8B. 4x2 - 9 

87. x2 +2x4+1 89. 9a? — 30a + 25 91. 9x? — 49 93. 4a* + 4ab + b? 95. x? — 4xy + 4y? 97. 16 — 9y? 
99. 25x? + 20xy + 4y? 101. The area is (10x? — 35x) ft?. 103. The area is (4x2 + 4x + 1) km?. 105. The area is 
(18x? + 12x + 2) in?. 107. The area is (4x? + 10x) m?. 109. The total area is (3000 + 60w) yd?. 111. 4ab 

113. a? + 9a? + 27a + 27 115.a. 7x2 — 1ix —8 Dig e717 











SECTION 6.4 
Z 3 2 18 
2 4 402 a 6t—r Der 
ex 8 SOT ah S-OiGie S st Sy 7 Mb pay OF 465 60a 2 515 
11 apercen ¢ ania“ aoe ox 104 2 19 gait. o& [Dal G5 ose t 38 4 ZIG igt 2 
; 5 : ; ano x + 2x — 1 
10x + 8 S64 = vil 1 
B Sr oe Se ts 2 214 3x 8 20234 
2s x eee ey 23. x ZO RSE oi 45 ZO ao x Be ay 
12 8 3 5 33 
One siege Sauer reels Fy 9 Bk A ie Sl. 3x? het te 19 Fe 
Mime x+4 Ga 
155 
39. 3x3 x $4 41. 2x° + 6x? + 17x + 51 + 7G 43. P(3)=8 45. R(4) = 43 47. P(—2) = —39 
2 = 


49. Z(—3) = —60 51. Q(2) = 31 53. F(—3) = 178 55. P(5) = 122 57. R(—3) = 302 59. Q(2) = 0 
Gi. RO2)=—65) 63.0. a —ab +b? |b. x4 x3y + x4? — xy? HH ee 09 = xby + x3y? — xy? + xy*t = 9? 
7 10 64 Bieaelall olga DO 


iS aw) wy tes 24 6¢+17+ 
Bea be Fost te 1D Ce ere ek a0 na eas 
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CHAPTER REVIEW 


10 
c 


- pH [6.1B] 4. 0.00254 [6.1C] 





1. —6a°b® [6.1A] 2. 9x4y® [6.1A] 3 
18x°y" 13 [5,7 
5. —7 [6.2A] 6. 4x2 — 8xy + 5y* [6.2B] 7. a [6.1B] 8. —54a!3b5c? [6.1A] 


9. 10.a. 3 b. 8 ce. 5 [6.2A] 11. 1 [6.4C] 12. —8x3 — 14x? + 18x [6.3A] 





[6.2A] 


13. 8a3b? — 4a*b* + 6ab> [6.3A] WAn6y> + 17y>— 2y — 21 6.38) 15. 10a? + 31a — 63 [6.3C] 


6 
Bae 





46,027 107) [6.1C] 17. 25y? — 70y + 49 [6.3D] 18. 5¢+4+ [6.4A] 


19. 44 tao Oe =~. [6.4B] 20. x3 + 4x? + 16x + 64 + = [6.4B] 21. 8,100,000,000 [6.1C] 


_ 2a" 
3b? 

26. 12b5 — 4b4 — 6b? — 8b? +5 [6.3B] 27. a2-— 49 [6.3D] 7a. Ws NOM IG] 29. The area of the 

Ping-Pong table is (2w? — w) ft?. [6.3E] 30. The Great Galaxy of Andromeda is 1.291224 x 10!° mi from Earth. [6.1D] 

31. There are 6.048 X 10°s in one week. [6.1D] 32. The area is (9x2 — 12x + 4) in?. [6.3E] 33. The area is 

(10x? — 29x — 21) cm?. [6.3E] 


22. [6.1B] 23. 25a* — 4b? [6.3D] 24. 68 [6.4C] 25. 21y2 + 4y—1 [6.2B] 


CHAPTER TEST 


dea Gx? 163A] 28 2.08 >[6-4€1 3, - [6mBl) < 4or=6xiy 116.141 5.x 1+ [6.4A/6.4B] 


10 
Ga ax lie — 15) 16.38] 7. —8a°b? [6.1A] 8. aS [6.1B] 9."a*i+ 3ab— 1062 (638) 10. —3 [6.2A] 


11.x+7 [6.4A/6.4B] 12. 6y4 — 9y3 + 18y?  [6.3A] 13. —4x4 + 8x3 — 3x2 - 14x +21 [6.3B] 

7 
14. 16y?-—9 [6.3D] 15. a*b’ [6.1A] 16. 8ab* [6.1B] 17. a [6.1B] 18. —5a? + 3a2?-—4a+3 [6.2B] 
19. 4x2 — 20x + 25 [6.3D] 20. x2 — 5x + 10 - 25 [6.4A/6.4B] 21. 10x? — 43xy + 28y? [6.3C] 


22. 3x3 + 6x2 — 8x +3 [6.2B] 23. 3.02 x 10°? [6.1C] 24. The mass of the moon is 8.103 X 10!% tons. [6.1D] 
25. The area of the circle is (wx? — 10x + 2577) m2. [6.3E] 


CUMULATIVE REVIEW 


5 
1. —3and3 [1.14] 2. ~§83% [1.18] 3.6 [1.3A] 4. ce [1.4A] 5. —50V3 [1.2F] 6. The Inverse Property 


OF Addition? 4B) £87. 1ser4te- ci apy s : [2.2A]) 9. os [2.2B] 10. -1and + [2.54] 


de 18281450) . eel2. Nesni[4i€] «13, 2 [4.3A] 14. y= -Sx+5 [4.4A] 15. y = Sx +2 [4.5A] 


aS 


16. (-2 -#) [5.4B] 17. (-2, ut 


; a) [5.3B] 18. 5x — 3xy [1.4B] 19. 4x3-7x +3 [6.3B] 


Dae i 


20. 5.01 x 10°° [6.1C] 


Nj 
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21: 








[4.2B] [4.6A] 
23. 
[5.1A] [4.6A] 
The solution is (1, —1). 
Ee 7 
25. a [6.1B] 26. 35x° [6.1B] 27. The two integers are 9 and 15. [2.2D] 28. 40 oz of pure gold must 


| be used. [2.3A] 29. The cyclists are traveling at 5 mph and 7.5 mph. [2.3D] 30. $4500 must be invested at 
an annual simple interest rate of 10%. [2.3C] 31. The slope is 50. The slope represents the average speed in miles 


perhour. [4.3A] 32. The length is 15 m. The width is 6m. [3.2A] 33. The area is (4x2 + 12x + 9) m2. [6.3E] 


| Answers to Chapter 7 Odd-Numbered Exercises 


SECTION 7.1 


1. 5(a + 1) 3. 8(2 — a?) 5. 4(2x + 3) 7. 6(5a — 1) 9. x(7x — 3) 11. a*(3 + 5a3) 13. y(14y + 11) 
15. 2x(x3 — 2) 17. 2x?(5x? — 6) 19. 4a5(2a? — 1) 21. xy(xy — 1) 23. 3xy(xy? — 2) 25. xy(x — y?) 

27. 5Sy(y2 — 4y + 2) 295 3y7(y* — 3y — 2) 31, 3y(y* —“3y + 8) 33. a2(6a3 — 3a — 2) 35. ab(2a — 5ab + 7b) 
37. 2b(2b4 + 362-6) 39. x2(8y2-—4y +1) 41. a2"(2038" +1) 4B. y?2"(y2" 41) 45. B5(B* — 1) 

47. (a+z(y+7) 49. (@-—b)Br+s) 51. (m—7)\t-—7) 53. 4a—b)(2y+1) 55. (x + 2)(x + 2y) 

57. (p — 2)(p — 3r) 59. (a+ 6)(b-4) 61. (2z-—1)(z+y) 63. (4V+7)(2v—3y) 65. (2x — 5)(x — 3y) 

67. (y — 2)(3y — a) 69. (3x — y)(y + 1) 71... Cs 1) (6 —2) 73. 28 75. P doubles when L + W doubles. 


SECTION 7.2 


fe Coe 1) + 2) SG 1)@= 2) 5. (a + 4)(@ — 3) Teas 1)(Ga— 2) ane9: (a 2a) 11 b=) Ce 3) 
ee) ye 15. ye 11 )Gy 15), 2 17 ay — 2)(y— 3) wee 19. ZA 5G — 9), 921. (+8) = 20) 

23. (p + 3)\(p + 9) 25. (x + 10)(x + 10) 27. (b+ 4)(6 + 5) 29. (x + 3)(x — 14) 31. (6 + 4)(b — 5) 

33. (y+ 3)(y-17) 35. (p+3)(p-—7) 37. nonfactorable over the integers 39. (x—5)(@—15) 41. (« — 7) — 8) 
AS (4G 118) (=) 45. (a + 3)(a — 24) 47. (a.— 3)\@— 12) 49. (z + 8)(z — 17) al, (esr QE = i) 

53. (z + 4)(z + 11) 55. (c + 2)(c + 17) 57. @ + 8)@— 12) 59. (x — 8)(« — 14) 61. (b + 15)(b — 7) 

63. (a + 3)(a — 12) 65.0 _6)() — 17) 67. (a + 3)(a + 24) 69. (x + 12)(x + 13) 71, @ + 6)@— 116) 

73. 2c + 1)\@ + 2) 75. —(x + 2)(x — 9) 77. a(b + 5)(b — 3) 7h). G9 = 2YGy = 8) 81. z(z — 3)(z — 4) 

83. —3y(y —2)y—3) 85. 3¢+4)«%-3) 87. 5(z+4)(@-7) 89. 2a(at+ 8)a—4) 91. @ — 2y)(x — 3y) 

93. (a — 4b)(a — 5b) 95. (x + 4y)(x — 7y) 97. nonfactorable over the integers 99. z7(z — 5)(z — 7) 

101. b2(b — 10)(b — 12) 103. 2y*(y + 3)(y — 16) 105. —x2(x + 8)(x — 1) 107. 4y(x + 7)(x — 2) 

109. c(c + 20)(c—2) 111. —4x(x + 3)(x-—2) = 113. (y + xy — 8x) 115. (y + 7zM(y— 3z) 117. (y — 2)(y — 152) 
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119. 4y(x + 1x —18) 121. Axx + 8-5) 128. Sez +2)(e—12) 125. Sx(e + 2)et+4) 127. 4(p + 8)(p — 15) 
129. p(p+8\(p—7) 131. (a—5b)(a—5b) 133. (x + 10y)(x — by) —- 135. x(x — 5)(e + 4) 137. yx + 6) — 9) 
139. k = —36,36,-12,12 141.k=22,-22,10,-10  143.k=6,10,12 145.k=6,10,12 147.k=4,6 


SECTION 7.3 

i Ge se ile se a) 2h (Gap BYAy ae i) 5. (a — 1)(2a — 1) 7. G=S)Cb 1) 9. («+ 1)@e = 1) 

11. (x — 3)(2x + 1) 13. (t + 2)(2t — 5) 15. (p — 5)(3p — 1) 17. (3y — 1)(4y — 1) 19. nonfactorable over 

the integers 21 @t—1) 6i—4) 23. (x + 4)(8x + 1) 25. nonfactorable over the integers 27. (3y + 1)(4y + 5) 
29. (a + 7)(7a — 2) 31. (b — 4)(3b — 4) 33. (z — 14)(2z + 1) 35. (p + 8)(3p — 2) 37. 2c el) 2x cea), 

SEL GY = I Shy = W) Mi), age = ie = il) 43. b(a — 4)(3a — 4) 45. nonfactorable over the integers 

47. —3x(x —3)(a+4) 49. 4(4y —1)(5y—1) 51. 2(2z +. 3)(4z +1) 5B. (2x — 5)(Bx +2) 5B. S(t + 2)(2t — 5) 
Wh. Alo = Neo — il) 59. 2(z + 4)(13z — 3) 61. 2y(y — 4)(5y — 2) 63. yz(z + 2)(4z — 3) 65. 3a(2a + 3)(7a — 3) 
67. y(3x — 5y)(3x — 5y) 69. xy(3x — 4y)(3x — 4y) 71. (2x — 3)(3x — 4) 73. (b + 7)(5b — 2) 75. (3a + 8)(2a — 3) 
77. (z + 2)(4z + 3) ISN Coes) Clipe) 81. (y + 1)(8y + 9) 83. (6¢ — 5)(3t + 1) 85. (b + 12)(6b — 1) 

87. (3x + 2)(3x + 2) 89. (2b — 3)(3b — 2) 91. (3b + 5)(11b — 7) 93. (3y — 4)(6y — 5) 95. (3a + 7)(5a — 3) 

97. (2y — 5)(4y — 3) 99. (2z + 3)(4z — 5) 101. nonfactorable over the integers 103. (2z — 5)(5z — 2) 

105. (62+ 5)(6z+7) 107. (x +y)(3x—2y) 109. (a+2b)(3a—b) 111. (y — 2z)(4y —3z) 113. —(z — 7)(z + 4) 
115. —(x—1)(x+8) 117. 3@ + 5)(3x-—4) 9-119. 4(2x — 3)(3x —2) = :'121. a2(Sa + 27a — 1) ~—'123. 5(b — 7)(3b — 2) 
125. (x — 7y)(3x — 5y) 127. 3(8y — 1)(9y + 1) WAL =Ge = N62 se Ai) 131. (5a + 7b)(3a — 2b) 

Asya) (3) 135. (3a + 2)(a + 3) 13iak =a} 1395 Web 


SECTION 7.4 


1. @+ 4)@ — 4) 3. (2% + 1)2% — 1) 5. (4x + 11)(4x — 11) 7. (23a) 33a) 9. (xy + 10)(xy — 10) 

11. nonfactorable over the integers 13. (5 + ab)(5 — ab) 15. (a” + 1)(a” — 1) 17. (x — 6)? 19. (b — 1) 

21. (4x — 5)? 23. nonfactorable over the integers 25. nonfactorable over the integers 27. (x + 3y)? 

29. (5a — 4b)? 31. x" + 3)2 33. (x — 7)(x — 1) 35. «@-—y+a+t+b\(«%-y-a-—b) 37. (x — 3)(x* + 3x + 9) 
39. (2x — 1)(4x? + 2x + 1) 41. (x — y)(x? + xy + y?) 43. (m + n)(m2 — mn + n?) 45. (4x + 1)(16x? — 4x + 1) 
47. (3x — 2y)(9x? + 6xy + Ay?) 49. (xy + 4)(x*y? — 4xy + 16) 51. nonfactorable over the integers 

53. nonfactorable over the integers 55. (a — 2b)(a? — ab + b?) 57. (x2" + y")(x™ — x2My” + y2n) 

59. (x" + 2)(x2" — 2x" + 4) 61. (xy — 3)(xy — 5) 63. (xy — 5)(xy — 12) 65. (x? — 3)(x? — 6) 

67. (b? + 5)(b? — 18) 69. (x2y? — 2)(x*y2 — 6) 71, (x + 1)(x” + 2) 73: (3xy — 5)(xy — 3) 75. (2ab — 3)(3ab — 7) 
77. (2x? — 15)(x? + 1) IR (OC = Nee = sy) 8T. (2a" + 5)(3a” + 2) 83. 3(2x — 3) 85. a(3a — 1)(9a? + 3a + 1) 
87. 5(2x + 1)(2x — 1) 89. y3(y + 11)(y — 5) 91. (4x? + 9)(2x + 3)(2x — 3) 93. 2a(2 — a)(4 + 2a + a?) 

95. b3(ab — 1)(@*b? +ab+1) 97. 2x*(2x- 5)? = 99. (x2 + y)(x + y)(x — y) 101. (x2 + y*)(xt — x2y2 + y4) 

103. nonfactorable over the integers 105. 2a(2a — 1)(4a* + 2a + 1) 107. a*b?(a + 4b)(a — 12b) 

109. 2b2(3a + 5b)(4a — 9b) Add: Go— 2)26e + 2) 113. (x + y)(x — y)(2x + 1)(2x — 1) 

115. @ — 1)? Px Day + 1G? = xy + 1) 117. x(x” + 1)? 119. b"(3b — 2)(b + 2) 121. ( — 3)\(« — 2) —- 1) 


123. The dimensions are (4x + 3) m by (4x + 3) m. Yes, x can equal 0. The possible values of x are x > -=. 


SECTION 7.5 

33,5: Se=8 0, 7. On? AO CO =e 0,2 13. 0, “3 15. 853.417. a (19. * 5 

on z 2 235 355) (Mi25.48<9 ui B27, -5, a a) 2, : S186, 5. 4£33.00)4". 09583 9% Faz Rhys 

39. 2. =2 41. 2, 2 43. 12, -1 4573; —) 47. 5, -4 49. 3,5 So). —d Dou O, o 55. 1,3 
Oi I 25m 59, -5, ~2 61. The number is —3. 63. The numbers are3 and 5. 65. The integers are 8 and 10. 


67. The length is 38 cm, and the width is 10 cm. 69. 18 consecutive natural numbers beginning with 1 will givea 


Answers to Odd-Numbered Exercises A21 


sum of 171. 71. There are 10 teams in the league. 73. The object will hit the ground 4 s later. 75. The ball will 
be 64 ft above the ground 2 s later. 77. The height of the triangle is 14 m. 79. The width of the border is 1.5 ft. 
81. The radius of the original circle is 3.81 in. 83. The length is 20 in., and the width is 10 in. 85. 1, 18 


CHAPTER REVIEW 


me Ox? + 24 7) “T7.1Al 2. 3ab(4a +b) [7.1A] Sy yo ty ea) 7 Al 4. (x — 3)(4x + 5) [7.1B] 

DS. (2x + 5)(5x + 2y) [7.1B] 6. (3a — 5b)(7x + 2y) [7.1B] 7. (b= 3)\(6 — 10) [7.2A] 8. (+6) +2) [7.2A] 
9. (y — 4)(y + 9) [7.2A] 10. 3(a + 2)(a — 7) [7.2B] 11. 4x(« — 6)(x + 1) [7.2B] 12. n2(n + 1)(n — 3) [7.2B] 
a3. Qx —7)@Gx — 4) [7.34] 14. (6y — 1)2y + 3) [7.3A] 15. nonfactorable over the integers [7.3A] 

16. (3x — 2) —5) [7.3B] 17. Ge 5)(@ — 12) _f7.3B] 18. (6a — 5)(3a +2) [7.3B] 

19. (xy + 3)@y — 3) [7.4A] 20. (2x + 3y)? [7.4A] 21. (a — 6)?" ([7-4A] 22. (4a — 3b)(16a* + 12ab + 9b?) [7.4B] 
23. (3x? + 2)(5x2 — 3) [7.4C] 2A. (1xey" + 3)(3x2y* + 2) -F7.4C] 25. 3a7(a2 + 1)(a2 — 6) [7.4D] 


1 
26. a and —7 [7.5A] Zio andi, 75 All 28. The length is 100 yd. The width is 60 yd. [7.5B] 
29. The width of the frame is in. or 1.5 in. or 15 nee eS 30. The length of a side is 20 ft. [7.5B] 


CHAPTER TEST 
1. (6+ 6)@—3) [7.1B] 2. 2y2(y + wy —*3)i [7228] 3. 4 + 4)(2x— 3) ([7.3B] 4. 2x + 1)\6x% +8) ([7:3A] 
OC sie 16 PA 6h Gx 4c 5) 7A] 7G 5) 3) POA > “5 [7.5A] 


Seo 9x73) i714] 10. (p + 6)? [7.4A] 11. 3and5 [7.5A] 12. 3(¢ + 2y)* [7.4D] 


13. (3x — 2)(9x2 + 6x +4) [7.4B] WANS yA(Ce ol) ee. oB 15. (2a? — 5)(3a7 + 1) [7.4C] 

16. « —2)(a +b) [7.1B] Zen (onatn |) (cea) een een} 18. 3(a+ 5)\(a—5) [7.4D] 19. nonfactorable over 
the integers [7.3A] 205s) Co 1D) 7 2A 21. (2a — 3b)? [7.4A] 22. (2x + 7y)(2x — Ty) [7.4A] 
23. : and —7 [7.5A] 24. The numbers are 3 and 7. [7.5B] 25. The length of the rectangle is 15 cm, and the 
width is6cm. [7.5B] 


CUMULATIVE REVIEW 
Sepia a GAla Sh = 7, WIL 4AP Oe dSe22 [1.4Cle> SP12 [14D] 6. = [2.1C] 7.2 (2.2B] 
8.3 [22C] 9.45 [21D] 10.1 [41D] 11. 

[4.2A] [4.2B] 





13. y= ox +6 [44A] 14. 1,6) [5.2A] © 15. (-1,-2) [5.3A] 16. 9a%4 [61A] 17. x3 — 3x2 - 6x +8 [6.3B] 


= ; [64a] 19. % [6.1B] 20. @—6)(3—x) [7.1B] 21. Sxy2(3 - 4y2) [7.1A] 


22. (x — 7y)(x + 2y) [7.2A] 23. ; and —7 [7.5A] 24. : and4 [7.5A] 25. The third angle measures 59°. [3.1C] 





18. 4x + 8+ 


26. The width is 15 ft. [3.2A] 27. The pieces are 4 ft long and 6 ft long. [2.2D] 28. $6500 was invested 
at 11%. [2.3C] 29. The distance to the resort is 168 mi. [2.3D] 30. The length of the base of the triangle 
is 12in. [7.5B] 
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| Answers to Chapter 8 Odd-Numbered Exercises 
































SECTION 8.1 
3 1 2 3 a 2 Vee Cat x+4 
a = — = 4 1k == 1S 7), = 19. 
1 davis wenle Waasak® aap ttl, “ =s a — 
1. -% +12 2(x + 2) 2x — 1 el 35ab? 33. Si 35. ab? 
HAZE x+3 2x + 3 x+6 24x*y 3a 4 
x*(x — 1) y(x — 1) , x+5 n— 10 x(x + 2) +2 
OEE wees . eee WS ee aye 49. et 
ss y(x + 3) x*(x + 10) aoe ae x+4 n-7 2@:— 1) x-6 
x+5 Ta*y? 4 3a x*(x + 4) x(x — 2) 3by 67 (x — 3)(x + 6) 
a x—12 oe 40bx oe 3 = 2 A, y*(x + 2) oo y(@ — 6) ax (x + 7)(x — 6) 
4x 1 
69.1 71,-278 99, 2%*! 95. Yes: for example, 3.00000001.  77.5,-5 79. = 81.-G 
x-4 23 3y y 
SECTION 8.2 
1, 24x3y 3. 30x4y2 5. 8x2(x + 2) 7. 6xy(x + 4) 9. 36x(x + 2)? 11. 6(x + 1)? 13. (x — 1)(« + 2)@ + 3) 
15. (2x + 3)2(x — 5) 17. @ — 1)@ — 2) 19. (x — 3) + 2)(x + 4) 21. (x + 4)(x + 1)@ — 7) 

























































































23. (x — 6)(x + 6)(x + 4) 25. (« — 10)(& — 8)(& + 3) 27. (3x — 2)(x — 3) + 2) 29. (% + 2)@ — 3) 
Bg, 508 ee yt 38 eee 
31. @ —5)@ + 1) 33. @ — 3) — 2)(x — 1)(« — 6) 35. ime ep Niece + dee ‘ERG SES OED 
at a’y + Ta? ay 43 b ; aie eel ae eee 47 DN bw Migeties 
TO) he ye T “y(y-4)’ xy - 4) 6 eG): 93) ay es) 
49 hte Actes 2x7 +x-1 54 ort Ieee 4 53 x-3 6x — 4 
“(Qx-1)~%+4)’ (2x- 1) +4) “(«—5)x+5)’ («—5)(x+5) * (3x — 2)(x + 2)’ Cx 2) Geeta?) 
x-1 x? — 3x 11 7 8x 5x +7 2x -—5 
2S: (e+ 5)\(*%-—3)\e%4+1)’ &+5)«%-3)«+1) ot y? eh x+4 a 2x + 3 cS ee: x+9 
—3x% — 4 1 1 3 1 7b + 5a 11 11 
ee Mi eI) Tare wie 81.45, Say 
120 + 7y 21b + 4a 14x + 3 chee S) i —3x? — 11x —2 6x? + 5x + 10 
BS caapemonilncagapoe gee? appa) 221R aoe y Somer 1.85; = ee 
2 bs ae te 2 bt 7A eee oy ede 
99. Dial 101. 4x +2 103. 2 at y 105. 16xy Lee tox 107. 3X i OV Dies al 4G 
x+1 xy 12x?y 24x7y 
ox + 2 2(x + 23) 2x7 -— 5x +1 4x? — 34x +5 2a -5 
109°) aaa mare 113. ————_— 115. ————_—_—_ : 
(x — 2)(x + 3) (x — 7)(x + 3) Gee )G 3) > (2x — 1)(x — 6) aay aaa 
4x +9 Kit) 8y laa, 11 eel 
119. ————_———_ 1210 123. ——— 125. 127, ———_ [aes 
G@ + 3)@—3) Ge + 2)@—3) G+ 2) xy G@=30-4) '~ @FG=s) 
x+3 $3 SD 4(2x — 1) 3. 4 3 1 1 
; A 135. ——_—_—_—— ~—-+- i ; — 
eA x+5 x+4 = (x + 5)(x — 2) is van b* a ab 4mn 6m? 
2 3 4 50 100 1000 
139. 3545? 51’ 101’ 1001 
SECTION 8.3 
% 2 y+3 2(2x + 13) tae an 35 = 
3. = 5. Oe 4 ; .- = 
7-6 3 ae 5x + 36 Pe 5 ig ae caine Soe ceria etal 
1 ano Kaen Dye Kae coat Casta 
as 19. eile 23. : = ——_— 
2x -1 x+5 — 8 a 2x —5 4x — 3 = 2(5x) 02) 
5 1 y+ 4 
31. — 33. — : 
3 Lol 2 2a) 
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SECTION 8.4 ae 


1 


i 3. 3. 1 59 Ve 9. 11. 1 13.03 15. 5 17. 8 19. 5 218 1 23. 5 


A) 


25. The equation has no solution. 27. 2,4 29. S 4 31. 3 33. 4 35. 9 37. 36 39. 10 41. 113 


43. —2 45. 15 47. 4 49. 6.7 cm 51. 2.9m 53722°5 ft 55. 48 m? 57. 6.25 cm 59. 6 in. 
61. 13cm 63. The height of the flagpole is 14.375 ft. 65. The width of the ravine is 82.5 ft. 67. 20,000 voters voted 


in favor of the amendment. 69. There are 175 mi between the two cities. 71, There are 160 ml of water in 280 ml 
of soft drink. 73. It would take 18 min to print a document 45 pages long. 75. The window should be 40 ft?. 
77. No, the shipment will not be accepted. 79. Two additional gallons are necessary to cover 1680 ft?. 


81. The math club receives $75. 











SECTION 8.5 

2A d PV = = 
eh=— 3.t=— 5. 7=— hes au Qah gee ike 13.S=C-Rt 

b n ze i h A 

A aw _ S-2ar nig oe mh ee 
15. P= io 17. w= ent 19a. h = aed b. The height is 5 in. c. The height is 4 in. 
F+ BV 

21a. S 3 b. The required selling price is $180. c. The required selling price is $75. 
SECTION 8.6 


1. It would take 2 h with both sprinklers working. 3. It would take both skiploaders 3 h working together. 

5. It would take 30 h with both computers working. 7. It would take 30 min with both air conditioners working. 

9. It would take the second pipeline 90 min to fill the tank. 11. It would take the apprentice 15 h to construct the wall. 
13. It would take the second technician 3 h to complete the wiring. 15. It would have taken one welder 40 h to complete 
the welds. 17. It would take one machine 28 h working alone. 19. The rate through the congested traffic is 20 mph. 
21. The rate of the jogger is 8 mph, and the rate of the cyclist is 20 mph. 23. The rate of the jet is 360 mph. 25. The 
rate of the motorcycle is 48 mph. 27. The rate of the car is 48 mph. 29. The rate of the wind is 20 mph. 31. The 
rate of the gulf current is 6 mph. 33. The rate of the trucker for the first 330 mi was 55 mph. 35. The less-experienced 
helper can complete the job in 30 h. 37. The bus usually travels 60 mph. 


SECTION 8.7 


1. The profit is $80,000. 3. The pressure is 6.75 lb/in?. 5. The object will fall 1600 ft. 7. The ball will roll 54 ft in 3 s. 
9. The length is 10 ft when the width is 4 ft. 11. The gear will make 30 revolutions/min. 13. The current will be 
7.5 amps. 15. The intensity of light will be 48 foot-candles. 17. y is doubled. 19. inversely 21. inversely 


CHAPTER REVIEW 




















by 7x + 22 x-2 x+6 2x" 
—- ——— . 4. = 8.1A 5. — [8.1A 
1. ee [8.1C] ee Be {8.2D] oe AD [8.3A] aa [ ] 3y7 [ ] 
may 2)o by? 8.1B 9 Ee 8.3A 

6.62 [84B] 7.7 BIC] 8 Gis (8.1B] 9. > 183A] 

3x* — x 24x? — 4x? T — 2be 

$$$) es )=—8 2B 11. a= [8.5A] 12. 2 [8.4A] 
a omes) Ga )Gr— 1)? Git 6e= DGr_ 1°75! 2b + 2c 
1 I = 3} 
13.c= LO0ne [8.5A] 14. The equation has no solution. [8.4A] 15. a [8.1C] 16. = = [8.2D] 
i 


i a 4 SAgetaD) 
rere (S20 leis) Ox )Gx iar = 1)) [8.2A] | 12.y= 5x + 2 te Ao tae te! 
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Saal 
5 


21.5 [8.4A] 22. [8.2D] 23. 10 [8.4B] 24. 12 [8.4B] 25. The perimeter of triangle 
ie 


ABC is 24in. [8.4C] 26. It would take 6 h to fill the pool using both hoses. [8.6A] 27. The rate of the car 
is 45 mph. [8.6B] 28. The rate of the wind is 20 mph. [8.6B] 29. The pitcher's ERA is 1.35. [8.4D] 
30. The current is 2 amps. [8.7A] 














CHAPTER TEST 
Dee x+5 x+1 (x — 5)(2x = 1) x+5 
1. 3y3 [8.1A] 2. ee [8.1A] 3. Gea) [8.1B] 4. (4 3)Qx 45) + 3)(2x 4 5) [8.1B] 5. on [8.1C] 
Bae ea a 2 5 

Be eC Wale Ml ee ay ees) on) an ees [82] 9. pag 872 

x? -—4x4+5 x-3 ; ; 
10. ————_ [8.2D] 11. [8.3A] 12.2 [8.4A] 13. The equation has no solution. [8.4A] 

(x — 2)(x + 3) x- 


14. —1 [8.4B] 15. The area is 64.8 m?. [8.4C] 16. f= i [8.5A] 17. 14 rolls of wallpaper 


are needed. [8.4D] 18. It would take 10 min with both landscapers working. [8.6A] 19. The rate of the 
cyclist is 10 mph. [8.6B] 20. The resistance is 0.4 ohm. [8.7A] 


CUMULATIVE REVIEW 


1. = [1.3A] 2.21 [14A] 3.5<-2y [1.4B] 4. -8+26 [14D] 5. -; [2.2A] 6. —12 [2.2C] 


7. 10 [2.1D] 8. {x|x = 8} [2.4A] 9. The volume is 200 ft?. [3.3A] 10. y 





[4.2B] 


2 


3 > 
ae 7 [4.1D] 12. y =o" +2 [4.5A] 13. —28 [5.4A] 14. a*b’ [6.1A] 15.23 [6.1B] 


be 
16. 3.5.x 10°°  -[6.1¢] 17. —4a* + 6a? — 2a? [6.3A] 18347 ab —12b*% |16.3C] 19. x7 +2x+4 [6.4B] 
Z20n(y — 6)(y — 1) [7-24] 7a, (Cee sp i Gke = 1) |[7esvew7/esile}) 22. aida — 3a 35) [7-3A/7.3B] 





5 3 - 
23. 4(b+5)(b-5) [74D] 24. —3and> [7.5A] 28. =F [81A] 26. oS [8.1 27.1 Baqi 
3 453 
28. CDG [8.2D] 29. oa [8.3A] 30. 4 [8.4A] 31. The alloy contains 70% silver. [2.3B] 


32. It would cost $80. [8.4D] 33. It would take 6 min to fill the tank. [8.6A] 


| Answers to Chapter 9 Odd-Numbered Exercises 





SECTION 9.1 
1 
te 2 Sau 5. is 7. 4 9. (—25)°” is not a real number. 11. a 13. x 15. yi? Mids 12 19; a? 
21. Z 23. 2 25. y>? 27 if 29 a 31. a 33. x7/10 35. a> 37 ! 1/9 4 
- > <e oa : : a “5 39. y 41. x*y 
ie ae bee ae ot : : 5pi3 eS ve 
. y . y . yi . ys . xia 53. y 55. be 57. a b 59. 4ne2 61. eos 


Answers to Odd-Numbered Exercises A25 


63 16? ; ae 
“Gis (85. — yo BT. a- a? = 69. x 79, 3278, yh 7B. 2m? 77, xdtyn TQ, Any 2n 


81.V3 83. Va> 85. V32 87.22 89. Wai? 9. Wak? 3, Y (4x-—3)> 95. a 
x 

97. 141% 99. x8 101. x43 108. 35105. (2x2)!3 107. —(3x5)!2 109. 3xy23 491. (a2 -2)12 113. x8 

115. —x‘4 117. xy 119. —x5y 121. 4a2b® = 123. V—16x*y? is not a real number. 125. 3x3 127. —4x3y4 


129. —x*y3_ 131. x4y? 133. 3xy5 135. 2ab? «17a. false;2 bb. true. true” false;(a" 4 b2) 1 
e. false; a + 2a'2b12 + b f. false; a” 


SECTION 9.2 


1. x’yz*Vyz_ 8. 2ab*V2a_ 5B. 3xyz*V5yz_—Ss 7. V—9x isnotareal number. 9. ab*Wab? 11. —5yW/xy 
13. abe?Vab? 15. 2x*yWxy = 17. -6Vx 19. -2V2_— 21. 325 +5V3b_ 23. —2xyV2y 

25. 6ab?V3ab + 3abV3ab 027. -V/2 29. 8bW/2b? 31. 3a Was 33. 172-155 35. SHV. 

37. —8xyV2x + 2xyVxy 39. 2yW2x AL. —4abW/2b- 48. 16 45. 2/4 AT. xy Vx AD. Bxy Vx 
B1. 2x*yV2 53. 2abW/3a 5B. 6) O57. x - V2x 89. 4x —8Vx 61 x — 6V +9 ~~ 63. 84+ 165 


65. 672x*y? 67. 4a°b3Wa S69. -8V5— 71. x—y? =. 73. 12x -y = 75. yV5y_——s«*77. BV13b-—s79. We 














2V3y 3V3a Vv V Voy? Vv 
eg ge Pig SVS gg, SVR | gy 2 So 93) ey $95 95 22 
3y a 2 3 3y 2a Dx 
97. oe 99. ee 101. oe 103. -V6+3-2V2+2V3 105. a 
107, Se 109. J 11a. false; 1/432 b. true. false; Wx» Wa = We? 


d. false; Vx + Vy e. false; W/2 + V3 f. true 113.a+b 


SECTION 9.3 


41.2i 3.7iV2 5.3iV¥3 7.44+2i 9.2V3-3iV2 11.4V10-7iV3 13.8-i 15. -8+4i 
17. 6 — 61 19.19-7iV2 21. 6V2-3iV2 =: 23. 63——o 252 —4—so27. -3V2—ss 29. -4412i 31. -24 4: 


ae 1) A tae x 
93.17-i 35.8427) 37.1 381 41-31 A845 MB -iASi 8. i 
eee ee ggg Set Brn Gt OED) b (e+ 40x — 4) &. Ga YBa = 8) 
be a 10 10 5G 
V2 V2. 
59. ious 15> ' 
SECTION 9.4 


| 0 


1. 25 Soelil, 5. 48 Ta 9. The equation has no solution. 11. 9 Aso 3 15. —16 17. 
19. 14 21. 7 23. 7 20 mele 27. 35 74), =5), =P 31. 45 33. 23 35. —4 37.10 39. 1 
41. 3 43. 21 45. = 47. 5 49. -2,4 51. 6 53. 0, 1 55a 2 57. 2a 59. 2, 11 


61. The width is 6 ft. 63. The bottom of the ladder is 10 ft from the wall. 65. The object has fallen 2500 ft. 
67. The periscope must be 8.64 ft above the water. 69. The length of the pendulum is 4.67 ft. 71. The distance 
is 180 m. 73. The HDTV screen is 7.15 in. wider. 75a. 2, —2; integer, rational number, real number 


b. i, -i;imaginary _¢. 16; integer, rational number, real number —77. a = Ve’ — b’ ora = — Ve -B 79.x«=V6 
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CHAPTER REVIEW 

1. 20x? [91A] 2.7 [9.4A] 3. 39-21 [9.3C] 4. 7x%y [9.1B] 8. 6V3-13 [9.2C] 6. —2 [94a] 
— xV2 + 2Ve — 2V2 

7.3 [9.1A] “ [9.2D] 9. -2ab* [9.1C] 10. 2a’bV2b [9.2B] 11. sVa TENE HINER NG [9.2D] 


12. 2-23 [9.3D] 13. 3ab*V2a [9.2A] 14. -4V2 + 8iV2 [9.3B] 15. Sx°y?V2x7y[9.2B] 


16. 4xy’ We [9.2C] 17. 7+ 3: [9.3C] 18. 3Vx3 [9.1B] 19. —2ab?V/2a°b? [9.2A] 

20. -2+7i [9.3D] 24 -6V 2 193C) 22. 30 [9.4A] 23. 3a*b?  [9:1C] 24. 5iV2 [9.3A] 

25. -12+ 10: [9.3B] 26. 31-10V6 [9.2C] 27. 6x°V3y [9.2B] 28. The amount of power generated 

is 120 watts. [9.4B] 29. The distance required to reach a velocity of 88 ft/s is 242 ft. [9.4B] 30. The bottom of 
the ladder is 6.63 ft from the building. [9.4B] 


CHAPTER TEST 


1. > [9.1B] 2. -2x2yW2x [9.2B] 3.3Vy? [9.1B] 4.18+16i [9.3C] 5. 4x+4Vxy ty [9.2C] 


6.7 [9.1A] 7.4 [9.4A] 8..2%y2), (9.1) 9.-4xV3  [9.2C] 10. =3 + 2i .[9.3B] 11. 4x*y?V2y [9.2A] 
12. 14+ 10V3 [9.2C] 13. 4 [9.3B] 14. 2 [9.2D] 15. 8aV2a [9.2B] 16. 2a — Vab-—15b [9.2C] 


: 3 
17. = [9.1A] 18. ae [9.20] 19. -2+2i [93D] 20. -3 [9.4A] ie 


as (otal 





2 
22. 3abe?Wac [9.2A] 23. = (9.2D] 24. —4 [9.3C] 25. The object has fallen 576 ft. [9.4B] 


CUMULATIVE REVIEW 


= 


1.92 [1.3A] 2.56 [1.4A] 3. -10x+1 [1.4D] 4. 5 [2.2A] 5. [2.2€] 6. {x|x >1} [2.4A] 


WwIry 


aa, 
7. ay [2.5A] 8 {x|-6=x= 3) [2.5B 9. The area is 187.5 cm?. [3.2B] 10. 3 [5.4A] 


1 7 
12. Ss £ ; 
13. y 3% + [4.4B] 





[4.2B] [4.6A] 


14. (2.3) [546] 9 15. 2c 20 [oN] -16) Ox + y)\Ox—=) 174A] 17. x2 GG ene an 


5 
18.C=R-nP [8.5A] 19. 2S [9.1A] 20. -xV10x [9.2B] 21. 13-—7V3 [9.2C] 22. V6+~V2 [9.2D] 


23. “= + i [9.3D] 24. —20 [9.4A] 25. The length of side DE is 27m. [8.4C] 26. $4000 must be 
invested at 8.4%. [2.3C] 27. The rate of the plane was 250 mph. [8.6B] 28. It takes 1.25 s for light to travel to 
Earth from the moon. [6.1D] 29. The slope is 0.08. The slope represents the simple interest rate on the investment. 
The interest rate is 8%. [4.3A] 30. The periscope must be 32.7 ft above the water. [9.4B] 
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Answers to Chapter 10 Odd-Numbered Exercises 





SECTION 10.1 


Ost 3.5, 5) Sadi —2ee de 91.0, 2.5691. 5,2 -13,. 2,5. 15.6, “5 17. 2,4 19. > a 
Sal icd 1 3 3 
pa = Bet = ap ae - eA 
sir eee Ae Ree = 2), 27, 2, pe eet 2ne asl. 4,=— © 33. 20,78 36. 7c, —e 
b 2a a 3 4 
37.-=,-b 39. 4a,— ae pleted =e 2 = 
: 4a, 5 ARF a ASS eS. SO, 5 AT. x2 -—7x +10=0 
49.x2+6x+8=0 51.x2-5e¢-6=0 53.x%2-9=0 55. x2-8x%+16=0 57. x2-5x=0 
59. x2-3x=0 61. 2x2-7x+3=0 £63. 4x2-S5x-6=0 65. 3x2 + 11x+10=0 67. 9x2-4=0 
69. 6x2-5x+1=0 71. 10x2-—7x-6=0 73. 82?+6x+1=0 75. 50x2-25x-3=0 77. 7,-7 
wae 9 9 
fort. 2] $1.2.-2 83. a 4 EO a 7E SBI: AN/.3,—4\/3, 89. 5/3, —-5V/3* &91231V2).=31V2 
93.7,-5 95.0,-6 97. -7,3 99.1,0 101. -5+V6,-5-V6 103. 3+ 3iV5,3 —3iV5 
DON) 2490/2 
105, -2— 22 22 ON? 107.x2-2=0 109.x2-18=0 111. 22 113. “5 
a 


SECTION 10.2 


ee eee So eos 2 + Vin 2 Vik 8111, 34 293 — V2, 13. Pal 7 Is Se 














17. 4,-9 eee 21. os 73°34V13 3-2 VB 25.53. 272 ese 
pee) 31 3 2, 1 — 3V2 33, it eae aa 35) 1 + 2ivVa — iva) 

1 1 igeunibeel. cl DEN TA 2 =aN/ 4A 3 1 

eset ile exe Mere ea ee +p His ie Jn 
ate, SU 89S Si 41 ees 43.1,-> 45.1 V5, = a5 4 7 


49.2+ V5, 2=V5 517 12236, —3-236 53) 12707, 0:293 55. x =a,x = —4a 
57. The ball hits the ground in 4.43 s. 


SECTION 10.3 








1 See! 
oy 3. 4, -9 5. 4 4+ 2V 22, 4 —2V 22 OO 9. q3.5 11. Fina steel) 
1+ V3 1- V3 Se See Tee tS de toe 
15. re 5 17. =i, =1—1 1 Ole eld ZN I 2A ar oily 24 a 23. bt 5! 
25. -2 +f si “3 = i 27. = + aS ee: 29. two complex number solutions 31. one real number 


solution 33. tworealnumber solutions 35. {p|lp <9} 37. {plp > 1) 


SECTION 10.4 


ees 22 > 5. 14 «67. 16° 9. 2i,-21,1,-1 11. 4, 47,2, 2 13. 16 
2 52 1 


ett 7-5 i,-1 19.3 21. OE Zs eee 258 0)20 (27.2, 282, (31.1) SSG 
fen feel VT. Ie _2 a 
Pome ei eOne! 39. —S 4-5-1, -5 -—5 1 Airig 3p 4s, 0p—te e455, 25 47.26 AS 


1 
ia 53. 4 
Blas 








A28 Chapter 10 


SECTION 10.5 


1. The height is 3 cm; the base is 14 cm. 3. The length is 13 ft; the width is 5 ft. 5. The dimensions of Colorado are 
approximately 272 mi by 383 mi. 7. The cardboard is 90 cm by 90 cm. 9. The projectile is 64 ft above the ground in 
0.54 s or in 7.46 s. 11. The smaller pipe requires 12 min. The larger pipe requires 6 min. 13. The rate of the wind is 
108 mph. 15. The rowing rate of the guide is 6 mph. 17. The Internet revenue will be $200 billion in the year 2001. 


The negative value of t corresponds to a year before 1997, which is not between 1997 and 2002. 


SECTION 10.6 


qt tH CC|x < -2 or x > 4} 30H SCOCi(x|x S Lorx 22) 


Pse4=3-) te Oat 2 35405 Sid se-DEINO M1 /2-13 ALS 
Sete —3<x< 7. <b HH [xlx < -2 or 1 <x <3} 
: epl4=5 2-1 0 102.3 4.5 irae B5o4 32721 Oilers eas | 
.ot eee HS —4=x%= = 1. <> {xlx < -—2 orx > 4} 
2 S5=4ese 2? 1eOUI a? 3: 405 eee ae pas. =5-423 -2-100e1§2~344 3 | 
196 fell <3} 18. {x|x = —2 or 1 =x <3} 

<5 5423221001293) 4 5 2534 322 =1 OF 243,465 

1 3 5 

17. {x|x > 4 orx < —4} 19. {x| —3=%=12) 21. a\5<* <5 23. a|lx<lorx >> 





2 
<tt> +} HH SH SH | 4+ + oa 
33. SAAT ee OM) 6294 is ee ee Oey 2a ae 


= 2) Oe ees 


25. {xix =< —1 or 1 <%= 2} 27. {2 





t<xs1| 29. {x|2 <x <3} 31. {x|x >5o0r-4<x<-1} 





CHAPTER REVIEW 
1. 0,5 [10.1A] 2. - —2¢ f10.1A] a. 3. 4V3,-4V3 [10.1C]-~ “4. =F +2, -5 2 [10.1C] 
TN TT ae 34 lareV/31 aie 7 Ved: 
See O2AT 6. Le 2A tas BUSY aed ria eee ne [10.3A] 
9.x2+3x=0 [10.1B] 10. 12x2-x-6=0 [101B] 11.1+%V7,1-iV7 [10.2A] 12. 2i,-2i [10.2A] 


AN oe le eS 


13. 6 ; 


[10.3A] 14. two real number solutions [10.3A] 15. {x Sie 3} [10.6A] 


6 
16. {rx —4 or -3<x=} [10.6A] 17. 27, —64 [10.4A] 18. : [10.4B] 19. —1,3 [10.4C] 


20. —1 [10.4C] 21. <—+ HH + + _SCs“O[10.6A] 22, ++ 444+ Gt HH _SC[10..6A] 


-5-4-3-2-10123 45 —5-4-3-2-1012345 
3 1 
tir ore = 2 a|x=—30r5=x<4 





~3 +249 -3 —- V249 - —11- 
49 (10.4C] 26 11/9" 4 V9 


23. 4 [10.4B] 24.5 [10.4B] 25. i0 10 : 5 , 5 


[10.4C] 


27. The length is 12 cm, and the width is 5cm. [10.5A] 28. The three integers are 2, 4, and 6 or —6, —4, 
and —2. [10.5A] 29. Working alone, the new computer takes 12 min to print the payroll. [10.5A] 30. The speed 
of the first car is 40 mph. The speed of the second car is 50 mph. [10.5A] 


CHAPTER TEST 


1. = -4 [10.1A] 2. 


N | Ww 


2 
ee [10.1A} 3.x7-9=0 [10.1B] 4. 2x7 + 7x -4=0 [10.1B] 


Sie ae Vol 


G24 2V2.2 —2V2, (101). 6. 34V iil, 3 = 2 Ae ar 


[10.2A] 


Answers to Odd-Numbered Exercises A29 








ais [10.34] 9. -2 + 2iV2,-2-2iV2 [10.3A]° 10. two real number solutions [10.3A] 


11. two complex number solutions [10.3A] 12. 5 [10.4A] 13. 1, —1, V3,=V3 [10.4A] 14. 4 [10.4B] 


15. The equation has no solution. [10.4B] 16. 2,-9 [10.4C] 
17. {x|x << —-40r2<x<4} ++}+++++¢4+5+- [10.6A] 
-5-4-3-2-1012345 
3 
18. }x|-4<x<=)} ~+(++++++++++- ights 
{x x | Len eet ent [10.6A] 19. The base is 15 ft. The height is 4 ft. [10.5A] 
20. The rowing rate of the canoe in calm water is 4 mph. [10.5A] 


CUMULATIVE REVIEW 


1 
1. 14 [1.4A] 2. {xI-2 <x<¥} {2.5B] 3. The volume is 547 m3. [3.3A] 4. t [4.1D] 5. -= {4.3A] 


6. . 0), (0,-3) [4.2B] 7. y=x+1 [454] 8 (1,-1,2) [5.3B] 9. 








[5.6A] 
10. The height of triangle DEF is 16cm. [8.4C] 11. x? — 3x -4- =< A [6.4A] 12. —3xy(x? — 2xy + 3y?) [7.1A] 
13. (2x —5)(3x +4) [7.3A/7.3B] 14. . [8.1B] 15. —5 and -1 [8.44] 16.b= aoe [8.5A] 


17.1-a [9.1A] 18. -8—14: [9.3C] 19.0,1 [9.44] 20. 2,-2,V2,-V2 [10.4A] | 21. The lower limit is 


92° in. The upper limit is 927 in. [2.5C] 22. The area is (x? + 6x — 16) ft?. [6.3E] 23. The slope is — 200 The 


building decreases $8333.33 in value each year. [4.3A]} 24. The ladder will reach 15 ft up on the building. [9.4B] 


25. There are two complex number solutions. [10.3A] 


| Answers to Chapter 11 Odd-Numbered Exercises 


SECTION 11.1 
‘ae 3. y 5. y i 
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A30 ~— Chapter 11 


2 8 ; 
11. If the cost is $150, the markup is $37.50. 13. The linear function is y = ~¢% + 545. If the room rate is $100, 485 
rooms will be rented. 15a. III b. IV c. II d. I 


SECTION 11.2 





vertex: (—2, —8) vertex: (2, —1) 





axis of symmetry: x = —2 axis of symmetry: x = 2 axis of symmetry: x = mi 


9. 





vertex: (3-4) vertex: (1, 0) vertex: (2, —1) 
axis of symmetry: x = A axis of symmetry: x = 1 axis of symmetry: x = 2 


95-12, 0), (2,0) 17. (0, 0), (2, 0) 19° (2,0), (1, 0) 21. (-3 0), (1, 0) 23. (-1 + V2, 0), (-1 — V2, 0) 


25. The parabola has no x-intercepts. 27. (1 + 4/3, 0), (1 — V3, 0) 29. (2+ V5, 0), (2 - V5, 0) 


31. The parabola has two x-intercepts. 33. The parabola has two x-intercepts. 35. The parabola has one x-intercept. 
37. The parabola has no x-intercepts. 39. The parabola has no x-intercepts. 41. The parabola has no x-intercepts. 
43. minimum: 2 45. maximum: —1 47. minimum: —2 49. maximum: —3 51. minimum: -= 

53. minimum: -+ 55. maximum: -5 57. minimum: s 59. The maximum height that the diver will be above 
the water is 13.1 m. 61. A price of $250 will give the maximum revenue. 63. The pool will have the least amount of 


algae 5 days after treatment. 65. The water will land 315 ft up on the building. 67. This shape can enclose a maxi- 


mum of 39.6 ft?. 69a. always true b. sometimes true c. sometimes true 


SECTION 11.3 


1. yes 3. no 5. yes We 





domain: {x|x € real numbers} domain: {x|x € real numbers} 


range: {y|y = 0} range: { y|y € real numbers} 


Answers to Odd-Numbered Exercises A31 





domain: {x|x =< 4} domain: {x|x € real numbers} domain: {x|x = —2) domain: {x|x € real numbers} 
range: {y|y = 0} range: {y|y € real numbers} range: {y|y < 0} range: {y|y = 0} 
19. a= 18 21. f(2, 5) + g(2,5) = 17 23. f(14) = 8 25. x= -3 


SECTION 11.4 s 


iD 3. 1 5. 0 We od 9. : ite 13. 39 15. —8 17. -: One 21. 7 23 eS 


25. —29 215 84-13 29. 4 31. 3 33. x +4 35. 5 37. 11 S943 3x5 Ai —3 43. —27 
45. x° — 6x? + 12x — 8 47. 6h + h? 49.2+h 51. 4 + 2a Exs ail 55. —6 576% = 13 


SECTION 11.5 
1. yes 3. no 5. yes 7. no 9. no 11. no 15. {(0, 1), (3, 2), (8, 3), (15, 4)} 17. no inverse 


Poni 0) GIG Glad) 21. Mo inverse 9 23) f-"(@) = ax Pot ta6 Fa), = > ED 


27 s-f (x) = 2x +2 205 (x)= -3x +1 Sr G) = sx —6 33. f'@) = =—3«% + 3 35. f'@) = > +2 
1 D. 1 1 1 1 1 4 3 
=I =— — =i =— — al =>-— — ae — _— =I — 

Si. Le) = 5% + E Bh if G9) Pe + 5 Aden) 6% + 3 43. f-1(x) 3% + a 45. f '(x) 5% +6 


47. f(x) = 3 +4 49. f'«)= - +3 51. yes 53. no 55. yes 57. no 59. no 61. yes 63. yes 


73. f-(-1)=3 75. f-1(3)=—-3 





77. f-1(8) =0 


SECTION 11.6 





Ree ets 
vertex: 4° 3 


vertex: (0, 2) vertex: (—1, 0) 


axis of symmetry: x = 0 axis of symmetry: y = 0 


N|w 


axis of symmetry: y = 
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11. y 
HE 
Bie 
he 
== 4 8 
barn nn 
erstellen 
as 
7 25 1 
vertex: |-—1, -—= VEEtCX (Ss ai 
2 4/2 
vertex: (—1, 2) ‘ ; 
axis of symmetry: y = 2 axis of symmetry: x = —1 axis of symmetry: y = 3 
13. 5. _ y b 19. (x — 2) + (y+ 1)? =4 
t13}+ eI y 
4 
| see 
-& [-4 [ol 4 [8 
i | 
8 
21. (x +1)? +(y- 1) =5 23. y 25. De ae 27. wy 
ees | 8 | see 
+ [ | ay ae ee a [ 
Pita id eee | 
xe x x 
-8 |-4 0 4 8 -8 Ole I 8 -8 4 10 4 8 
ia ela eg a 
eee aL Sees Po 
ete iial ba Cie ELT 
29. y . 31. 33. y 35. . y 
8 I | | 8 8 
EXCH Boe S 
ceechmiabset besarte ee — ose A lat ~N 
=a edalole| det 81” 3 La 16 re =pilea WO 4. oe.) 
4 | 4 ~~ ZA | 
ie ot a LA _| 
eee ia a “sisiae ia 
37. y 39. Pe 41. ie oe 43. y 
TT ts PE ia wes H CE eee 3 | 
\ y ici [ El Sars 4 
Mr7 SS 4 z | Seine z a ae in Sia 
=8_|-4}| gua S belie =8 |-446/ 44 8 | sy Sek Pal =8 |-4 qlee ts 
rh VV ZA 4 a(S ee —4 
piss zis | sf = 8 ++ Ky 8 Fa 
45. (x 3% +(y-3"%=9 47 aR ral y 
mace y ~= 55 1g , ellipse —~- C 
Fae mae 
=8 ol Late |” 
| 
Seeiaiela 
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CHAPTER REVIEW _-— 


3. There are no x-intercepts. [11.2B] 











[11.1A] [11.2A] 
4. The maximum value of the function is 9. [11.2C] 
6. Ts 
domain: {x|x < 3} domain: {x|x € real numbers} domain: {x|x € real numbers} 
range: {y|y <0} [11.3A] range: {y|y = —2} [11.3A] range: {y|y € real numbers} [11.3A] 


8. no [11.5A] 9. —2 [11.4A] 10. = ({11.4A] 11.5 [11.4B] 12. 2x? — 45 5) (1148) 


13. {(6, 2), (5, 3), (4, 4), (3, 5)} [11.5B] 14. f(x) = 4x +16 [11.5B] 15. 





[11.6A] 





[11.6D] [11.6C] 


19. (x + 3)? +(y + 3)? =16 [11.6B] 20. The dimensions are 50 cm by 50 cm. The area is 2500 cm?. [11.2D] 


CHAPTER TEST 


3:1(0;0),.(—3;,0) [11-2B] 





(ii. 1A 
4. The maximum value of the function is 3. [11.2C] 


[11.2A] 








A34 


Chapter 11 


domain: {x|x = —4} 
range: {y|y=0} [11.3A] 


domain: {x|x € real numbers} 
range: {y|y = —3} [11.3A] 





domain: {x|x € real numbers} 
range: {y|y € real numbers} [11.3A] 
12 


8. yes [115A] 9.7 [114A] 10. -9 [114A] 11.70 [114A] 12, > [11.44] 
Boe or 16 [1146) 16.14. fra) = 244 [11.5B] 15. 





[11.6B] 


19. yes [11.5B] 


CUMULATIVE REVIEW 











20. The rectangle will have a maximum area when the dimensions are 7 ft by 7 ft. 





[11.6A] 








[11.6C] [11.6D] 


[11.2A] 


38 3 
ne : — : .- ; i ‘ yea q 
1. eet [sc] 2 [84a] 3. -20 [41D] 4 y=-Se [444] 5 y=x—6 [458 
6.— + [8 1A). 7. 2— = [82d] 822 [84a) 9. 2 [op 40. 224 [oiB) 11032 ne Osane 
ie : Srey : “3 ‘ 3p : : : : i : 
12. see ea [10.24/10.3A] 13.6 [10.4B] 14. (x|-4<x<3) [106A] 15.0 [11.2C] 
16. f(x) = ix 235 Sa Spy 2 vn. 
[4.6A] [11.6A] 








[11.6C] 
22. The rate of the motorcycle is 60 mph. 


[8.6B] 
24. A gear with 60 teeth will make 18 revolutions per minute. 








21. There were 82 adult tickets sold. [5.5B] 


[11.6D] 


23. The rate of the crew in calm water is 4.5 mph. [5.5A] 


[8.7A] 25. The maximum product is 400. [11.2D] 
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Answers to Chapter 12 Odd-Numbered Exercises 





SECTION 12.1 


la. f(2)=9 b.f(0)=1 ©. f(-2) =< sane 165 aed eel) a4 — reek 3) =+ 5a. P(0) = 1 

3 
b. (3) =— c. P(—2) = 16 Ta. G(4) = 7.3891 b. G(—2) = 0.3679 c. (3) = 1.2840 9a. H(-1) = 54.5982 
b. H(3)=1 ec. H(5) = 0.1353 lia. F(2) = 16 b. F(—2) = 16 c. r(2) = 1.4768 13a. f(—2) = 0.1353 


b. f(2) = 0.1353. f(-3) = 0.0111 15. y 





17. Y 





19. 





7 


b. The point (5, 1.242) means that in the year 1998, the 
Chinese population was approximately 1.242 billion. 


4la. | b. The point (2, 27.7) 43a. always true b. always true 45. 
30 means that after 2 s, 

the object is dropping 

T at a speed of 27.7 ft/s. 














ee 


20 















































SECTION 12.2 
1 — 
flog,25=2 3. log, 2) 15. loge =y —7-'logw = 2 Osea ce Uiel Ona = OOIEE.1 188e" 
15. b¥=u 17. log,81=4 19. log128=7 21. log100=2 23. Ine? =3 25. loggl = 0 27. log, 625 = 4 


4 
29.9 31.64 33. : 35.1 37. 316.23 39.002 41.739 43.061 45. log,(x3y?) 47. In (=| 











A36 ~— Chapter 12 


22 


Bs x x lows 
49. log? 51. In(@*y*) 53. log, (xy?) 55. log, - 57. log, Tye 59. In be 61. 0845 
x tev? ae Be Vxz 
63. In (55) 65. los, ( 67. log,, Fes 69. In ez 71. log, (y=) 73. log,x + loggz 75. 5 log,x 
77. log,r —log,s 79. 2 log,x + 6 log,y 81. 3log,u — 4 log,v 83. 2 log,r + 2 log,s 85. 2Inx+Iny + Inz 


3 1 3 1 
87. log.x + 2 log.y — 4 log.z 89. 2 log,x — loggy — 2 log,z 91. 5 log ae 5 lo84y 93. 510g 7* = 5log,y 


95. Inxt+alny->Inz 97. logy - Flog,x 99. Niog,u + Fog,v —logx 101. 0.8451 103, —0.2218 


105. 1.3863 107. 1.0415 109. 0.8617 111. 2.1133 113. —0.6309 115. 0.2727 117. 1.6826 
119. 1.9266 121. 0.6752 123. 2.6125 125a. false b. true c. false d. false e. false f. true 
g. false ih. true 


SECTION 12.3 

































































b. The point (25.1, 2) means that a star that is 25.1 parsecs from Earth has a distance modulus of 2. 


SECTION 12.4 


1] 4 9 
1-5 3-3 51 76 92 11,5 43, 14133 1S 10986 17. 1.3222 19. Sagas 
21. 3.5850 23. 1.1309 25, 24 = 2 ! 2 
13 1: AB) 27-420 29/24 G31n hae Soi 98. tmss27eaiaa 8” 39re2 


41. The equation has no solution. 43. —-0.55 45. 1.38 47. The equation has no solution. 49. 0.09 


Answers to Odd-Numbered Exercises A37 


b. It will take the object approximately 2.64 s to fall 100 ft. 








Distance (in feet) 





Seconds 


SECTION 12.5 


1. The value of the investment after 2 years is $5982. 3. The company must deposit $16,786 in the account. 5. It will 


take 3.5 h to decay to 20 mg. 7. The half-life of the material is 2.5 years. 9. It will take 6 weeks of practice to make 
80% of the welds correctly. 11. The pH of the solution is 1.35. 13. The percent of light will be 75% of the light at the 
surface at a depth of 2.5 m. 15. The earthquake in China was 20 times as strong. 17. The magnitude is 5.2. 

19. A normal conversation is 65 decibels. 21. The star is 150.7 parsecs from Earth. 23. No. Antares is 3.5 times 


as far. 25. 742.9 billion barrels will last 20 years. 27. The value of the investment will be $3210.06 in 5 years. 
mo. f= 243.31(e7429-- 1) 31. r, = V10r, 


CHAPTER REVIEW 


Bool ~{12-1A] 2. 52=25 [12.2A] 3. 





[12.1B] [12.3A] 


2 4 x 
S. Zlog,x + Slogy [12.2B] 6. log,*; [12.2B] 7. -12 [124A] 8. 5 [124B] 9. 1.7251 [12.2C] 


i 

oa 
1 

#0. 32° [12.2A] 11279 [12.4B) 12. 1000 [12.2A]. 13. log, Way' [12.2B] 14. 5(5 log,x — 3log,y) [12.2B] 


; 3 
15. log,32 =5 [12.2A] 16. 0.4278 [12.2C] 17. —0.535 [12.4A] 18. > [12.1A] 19. 


wt 


[12.4B] 


20. 2 [12.4B] 21. 22. 





[12.1B] [12.3A] 

23. The value of the investment after 2 years is $4692. [12.5A] 24. The earthquake is 1000 times as strong. [12.5A] 
25. The half-life of the material is 27 days. [12.5A] 26. Sound emitted from a busy street corner is 

107 decibels. [12.5A] 


CHAPTER TEST 


4.1 [12.1A] 2 [12.1A] 3. 





[12.1B] [12.1B] 








A38 ~—= Chapter 12 


Be 2eu.12-2A] 6. [12.2A] le 


u 
9 








[12.3A] [12.34] 
= = die ine os ee a 28 
9. Zilog «x + Glossy [12.2B] 10. log, ‘i {12.2B] -Inx—Zlnz nee 5 Au ; 
13. -2 [12.44] 14. -3 [124A] 15. 2.5789 [12.4A] 16.6 [12.4B] 17. 3 [12.4B] 
18. 1.3652 [12.2C] 19. 2.6801 [12.2C] 20. The half-life is 33h. [12.5A] 
CUMULATIVE REVIEW 
—3 Vy + Vx 
1. : (2.2C] 2% y=2e-6 [45A] 3. 4c" +3)@"+1) (7.3A/73B] 4 25 [834] 5 Sipe [9.2D] 
6. 2+ Vi0,2—V10 [10.2A] 7. The length of the side is 26cm. [9.4B] 8. 
[5.6A] 
2x? — 17x + 13 
9.012) 1538) 10, "5 oe, [82D] 11 (x) -S=x=4) [106A] 12: Gli =%=4) [2-5B) 


13. 15. The area is 28 yd*. [3.2B] 16. 125 [12.2A] 





is [12.1B] [12.3A] 


3 
17. log, [12.2B] 18. 17712" [12.2¢] 19. 2 [12.4A] 


20. 5 [12.4B] 21. The customer can write fewer than 50 checks. [2.4C] 


22. The mixture costs $3.10 per pound. [2.3A] 23. The rate of the wind is 25 mph. [5.5A] 24. The force will 
stretch the spring 10.2 in. [8.7A] 25. The redwood costs $.40 per foot. The fir costs $.25 per foot. [5.5B] 
26. The investment will double in 8 years. [12.5A] 


FINAL EXAM 


fo 31 3A) 2. 1) 014A) 3. —10x + 33 [1.4D] 4.8 [2.2A] 5. 4, “5 [2.5A] 6. The volume is 


1 


268.1 f3. [3.3A] 7. & y= -3e47 [448] 9:y= -Sx - > [45a] 





[4.2B] 
10. 6a? — 5a* + 10a [6.3A] 11. (2 — xy)(4 + 2xy + x*y?) [7.4B] 12.06). x) — 4) 74D] 
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5 ee x(x — 1) —10 
Be 53 Manies 1a ers ants ae ae 
=a pe Pe a 1820) 16, 18 3A) 
Be ean) sere 2 eA] — 19, — [618i 20. — Oe, 
4 : . at : hx : . 64x8y5 [9.1A] 21. SONY 2y [9.2B] 





x?V2 Gnas V nW, 
; oe [9.2D] 23. = sf [9.3D] 24. 2x2 - 3x -2=0 [10.1B] 25. au [10.3A] 


4 
26. —8,27 [10.4A] 27. 





[11.2A] [11.6C] 


3 3 
29. —2.5 [10.4C] 30. f(x) = 5% +6) -[1125B) 31. (3,4) [5.3A] 32. 10 [5.4A] 


33. {xlx >3| [2.4B] 34. {x|-4 <x<-1} [2.5B] 


36. 





[4.6A] [12.1B] [12.3A] 


2 
38. logy5 {12.2B] 39. 6 [12.4B] 40. The range of scores is 69 =x = 100. [2.4C] 


41. The cyclist rode 40 mi. [2.3D] 42. There is $8000 invested at 8.5% and $4000 invested at 6.4%. [2.3C] 

43. The length is 20 ft. The width is 7 ft. [10.5A] 44, An additional 200 shares are needed. [8.4B] 45. The rate of 
the plane was 420 mph. [8.6B] 46. The object has fallen 88 ft when the speed reaches 75 ft/s. [9.4B] 47. The rate of 
the plane for the first 360 mi was 120 mph. [8.6B] 48. The intensity is 200 foot-candles. [8.7A] 49. The rate of the 
boat is 12.5 mph. The rate of the current is 2.5 mph. [5.5A] 50. The value of the investment after 2 years will be 
$4785.65. [12.5A] 





—— 
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_ ANSWERS to Chapter 13 Odd-Numbered Exercises 


CONCEPT REVIEW 13.1 
1. Always true 3. Always true 


SECTION 13.1 


3. 273,4;5 Seo, 5,752 7." O0,=-2,7-4, -6 9. 2,4,8, 16 112,010, 17, 13. a: =, =, = 
Bor Lo Lasts 1 2 2G to ve 
15.0.5, eo) Shap ee eee a = Sp aay oe 
53/4 Pt, 2,5, —4 19. 5+-5' 10’ 17 21... =274, —8, 16 23. 9/57’ 81’ 243 
25:45 27 = 29. 24 31 ees 33. 88 35 is 
: - 3 ; - 943 : - 50 37. 38 41. 42 43. 28 45. 60 
25 99 137 7 25a 6 8 
aes ae : than ei r= ae sae tere 
74 49. 28 51 20 53 120 55. 2 57. 2 59. . ate a al . ats 5 
abr tek" Fi Bak ante ; 5. 7 
61. es as 63. a oe pe Gon eet Xt 67.4, — 21 69 =-2n+1 
Zi. 4 7aolop 304. 75.3 sz, 3,5. 79. sS 


CONCEPT REVIEW 13.2 


1. Sometimes true 3. Sometimes true 


SECTION 13.2 


ae e 50 7. 871, - 9: 2 40017) 213.4375) 15. carn 17,2, = — 40 410 


21. a3 = >on — 3 23. a, = —10n + 36 25. 42 Ze 29. 20 31. 20 





33. 13 Some) 37. 650 39. —605 41. a 43. 420 45. —210 a7) 49. In9 weeks 


the person will walk 60 min per day. 51. There are 2180 seats in the theater. 53. The salary for the tenth 
month is $3150. The total salary for the 10-month period is $24,750. 55. The nth distance is a, = 7.66n + 392.19. 
57:8 59 3 61. The sum of the angles of a dodecagon is 1800°. The formula for the sum of the angles of an 


n-sided polygon is 180(n — 2). 63. a, =2n—1 


CONCEPT REVIEW 13.3 
1. Always true 3. Sometimes true 5. Never true 


A42_ Chapter 13 


SECTION 13.3 


2343 
ios ee 16 = dO, 2, 12, 4B TS. 2186) ee 
i 243 3 
121 2343 1360 18 Zz 8 2 
aa OPES are ao 33 35.25 Bis 39. 
21. 743 23. 1364 25. 2800 21 1024 29 3] 31 5 9 9 9 
41. = 43. 7 45. Thenthtermisa,=3"'. 47. There will be 7.8125 mg of radioactive material in the sample 


at the beginning of the seventh day. 49. The ball bounces to a height of 2.6 ft on the fifth bounce. 51. The value 
1 
of the land in 15 years will be $82,103.49. 53. The value of the house in 30 years will be $432,194.24. 55. G;-5 


57. A;9.5 59. N; 25 61. G;x? 63. A; 4log x 65. 27 67. The common difference is log 2. 
69. The common ratio is 8. 71. a. $80.50 of the loan is repaid in the 27th payment. b. The total amount 
repaid after 20 payments is $1424.65. c. The unpaid balance on the loan after 20 payments is $3575.35. 


CONCEPT REVIEW 13.4 


1. Never true 3. Never true 5. Never true 


SECTION 13.4 


3.0 5. 40,320 Teme 9. 10 ee 13. 84 15521 17. 45 19. 1 21. 20 23. 11 
25. 6 27. x*+ 4x°y + 6x7y? + 4xy> ty? 29, x° — Sxty + 10x°y? — 10x7y? + Sxy* — y° 
31. 16m* + 32m° + 24m? + 8m+1 33. 32r° — 240r* + 720r? — 1080r? + 810r — 243 
35. a + 10a% + 450°? = 37. a — 11a + 550%? = 339. 256x® + 1024x7y + 1792x%y* 
41. 65,536x° — 393,216x’y + 1,032,192x*y? 43. x7 + 7x° + 21x° 45. x! + 15x® + 90x° 47. —560x* 
5 
49. —6x%y? 51. 126y° 53. Sn? 5B, = 57. 172135352171 59. 


61. 2 + 8x2 + 24x +32x2+16 63. —8i 65. 1 67. 1260 


CHAPTER REVIEW EXERCISES 


1. 3x + 3x? + 3x? + 3x4 (Obj. 13.1.2) 2 16 (Obj.13.21) 3. 32 (Obj.13.3.1) 4 16 (Obj. 13.3.3) 


: 1 2 . 
5. 84 (Obj.13.4.1) 6. 5 (Obj. 13.1.1) 7. 44 (Obj. 13.21) 8. 468 (Obj.13.22) 9. -66 


(Obj. 13.3.2) 10. 70 (Obj. 13.4.1) 14. 2268x°y6 (Obj. 13.4.1) 12. 34 (Obj. 13.22) 13. : 
(Ob. 1311) 14. a, =-3n +15 (Obj 132.1) 15. S (Obj. 13.3.1) 16. = (Obj. 13.3.3) 17. —115 
; 665 , ; 
(Obj. 13.2.1) 18. S (0bj. 13.3.2) 19. 1575 (Obj. 13.22) 20. —280x'y?_ (Obj. 13.4.1) 21.21 
(Obj.13.2.1) 22, 48 (Obj. 13.3.1) 23, 30. (Obj. 13.2.2) 24. 341. (Obj. 13.3.2) 25. 120 (Obj. 13.4.1) 
26. 240x* (Obj. 13.4.1) 27. 143. (Obj. 13.2.1) 28. -575 (Obj. 13.2.2) 29. —2 (Obj. 13.1.1) 
; 23 P 
30. 2+2x+2x7+ 2x? (Obj.13.12) 31. FS (Obj.1333) 32.  (Obj.13.3.3) 33. 726 (Obj. 13.3.2) 


34. —42,240x*y’ (Obj.13.4.1) 35. 0.996 (Obj. 13.3.2) 36. 6 (Obj. 13.3.3) 37. x (Obj. 13.3.3) 

38. x° — 15x*y* + 90x°y* — 270x7y® + 405xy* — 243y (Obj. 13.4.1) 39. 22 (Obj.13.2.1) 40. 99 
(Obji13:4.1) 3415) 2x + 2x? + a Axe ee sa (Obj. 13.1.2) 42. - os (Obj. 13.1.2) 43. The total salary 
for the 9-month period is $12,240. (Obj. 13.2.3) 44, The temperature is 67.7°F. (Obj. 13.3.4) 


Answers to Odd-Numbered Exercises A43 


CHAPTER TEST 


1 8 
1. 5 (Obj. 13.1.1) 2 5,55 (Obj. 13.1.1) , 3. 32 (Obj.13.1.2) 4 2x2 + 2x4 + 2x64 2x* (Obj. 13.1.2) 
5. —120 (Obj.13.21) 6. a,=2n—5 (Obj.1321). 7. 22 (Obj.13.2.1) 8. 315 (Obj. 13.2.2) 


9. 1560 (Obj. 13.2.2) 10. 252 (Obj. 13.4.1) 14, —64V2 (Oj. 133.1) 12. = (0bj.13.3.1) 13. ae 


(Obj. 13.3.2) 14. -55 (Obj.13.3.2) 15. 4 (Obj.13.3.3) 16. x (Obj. 13.3.3) 17. 330 (Obj. 13.4.1) 


18. 5670x*y* (Obj. 13.4.1) 19. The inventory after the October 1 shipment was 2550 yd. (Obj. 13.2.3) 
20. There will be 20 mg of radioactive material in the sampie at the beginning of the fifth day. (Obj. 13.3.4) 


CUMULATIVE REVIEW EXERCISES 


x7+5x—-2 


Capea (0-622) 2% Aer + Hlxt— 2x? +4) (Obj.564) 3. 4yVx—yV2 (Obj.7.23) 
1 : : it : 1 ; 
4. <e (Obj-7-1.1) 5. 4 (Obj.751) 6 G-~Piand> +i (b.822) 7. (2,3) (Obj. 4.2.1) 


S. {x|x< —2orx > 2} (Obj.25.2)  9.°—10 (Obj.4.3.1). -10. 5 logs x . 5 logs y (Obj..10.22)" 1s 
(Obj. 10.4.1) 12. a, = 20;a, = 30 (Obj. 13.11) 13. 6 (Obj. 13.12) 14 (2,0,1) (Obj.422) 15. 216 
(Obj. 10.4.2) 16. 2x? —x-14+52— (Obj.54.1) 17. -3h+1 (Obj.321) 18. {-1, 0, 4 (Obj. 3.2.1) 
19. (Obj. 3.3.2) 20. (Obj. 3.7.1) 








21. The new computer would take 24 min to complete the payroll. The older computer would take 40 min to 
complete the payroll. (Obj. 6.4.2) 22. The rate of the boat in calm water is 6.25 mph. The rate of the current is 
1.25 mph. (Obj. 4.4.1) 23. The half-life is 55 days. (Obj. 10.5.1) 24. The total number of seats in the 
theater is 1536. (Obj. 13.2.3) 25. The height the ball reaches on the fifth bounce is 3.3 ft. (Obj. 13.3.4) 


A44 Chapter 14 





ANSWERS to Chapter 14 Odd-N umbered Exercises 
CONCEPT REVIEW 14.1 


1. Sometimes true 3. Sometimes true 5. Sometimes true 


SECTION 14.1 


3. Vertex: (1, —5) 5. Vertex: (1, —2) 7. Vertex: (—4, —3) 
Axis of symmetry: x = 1 Axis of symmetry: x = 1 Axis of symmetry: y = —3 





5 
9. Vertex: (1, —1) 11. Vertex: (3, -3) 13. Vertex: (—6, 1) 
Axis of symmetry: x = 1 Axis of symmetry: y = 1 


5 
Axis of symmetry: x = 5 





17. Vertex: (4, 0) 19. Vertex: (3, 1) 
Axis of symmetry: y = 0 





Axis of symmetry: y = 1 





21. Vertex: (—2, —8) 23. Domain: {x|x € realnumbers} 25. Domain: {x|x © real numbers} 
Axis of symmetry: x = —2 Range: {y|y = —6} Range: {y|y = —2} 





27. Domain: {x|x = —14} 29. Domain: {x|x < 7} 31. @ -2) 33. (—2,—1) 
Range: {y|y € real numbers} Range: {y|y © real numbers} i 


: d : 1 ees : 
35. a. The equation of the mirror is x = 3639 y’.  b. The equation is valid over the interval {0 < x < 3.79}. 


Answers to Odd-Numbered Exercises A45 
CONCEPT REVIEW 14.2 


1. Sometimes true 3. Always true 5. Never true 


SECTION 14.2 


1. (x - 2+ (y+1?=4 
= ee saioti c- 





1B Creat ty — 1) = 5 Poets) + (y 6) = 6 I (& 1235 gay ='5 


2 
y y 


1\* 
21s A Bat ye)? =16 "23: (x-2) +y+2P=1 











Mate 3) 4 y7= 9 29th 1) Ge (y A) 





CONCEPT REVIEW 14.3 


1. Never true 3. Always true 5. Sometimes true 


SECTION 14.3 





A46 Chapter 1 

















23. 
33. 
iz 2 . 
35. a. = ae es =1  b. The aphelion is 3,293,400,000 mi. _c._ The perihelion is 53,100,000 mi. 
2 az f 
Sie a 10 = ee =] b. The aphelion is 166,800,000 mi. c. The perihelion is 115,800,000 mi. 


CONCEPT REVIEW 14.4 


1. Never true 3. Sometimes true 5. Always true 


SECTION 14.4 


S. (-2,5)and (5,19) 5. (-1,+2)and(2,1) 7 (2-2) 9. (2,2)and (-2, -2) 1: 3, 2iand 


(273) 13. ee 3) and 4 3) 15. No solution V7 G72; (= 2) 1, 2) pand4-17-=2) 

19. (3, 2), (3, —2), (—3, 2), and (—3, -2) 21. (2,7)and(-2,11) 23. (3, V2), (3, —V2), (—3, V2), and 
(-3,-V2) 25. Nosolution 27. (V2, 3), (V2, —3), (- V2, 3), and (-V2, -3) 29. (2, -1) and (8, 11) 
31. (1,0) 33. (1.000, 2.000) 35. (1.755, 0.811), (0.505, -0.986) 37. (5.562, —1.562), (0.013, 3.987) 


CONCEPT REVIEW 14.5 


1. Always true 3. Never true 5. Sometimes true 


SECTION 14.5 
Le y 
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21. 


33. 


43. 





CHAPTER REVIEW EXERCISES 
1. Vertex: (2, 4); axis of symmetry: x = 2 (Obj. 14.1.1) 
2. Vertex: (Z, 12) ; axis of symmetry: x = : (Obj. 14.1.1) 


3. y (Obj.14.1.1) 4. y (Obj. 14.1.1) 





vt 


(x + 1)? + (y— 2% =18 (Obj.14.2.1) 6 (x+1)P + (y—5)=36 (Obj. 14.2.1) 
(Obj. 14.2.1) 8 (Obj. 14.2.1) 9 «2+ (y+3)=97 (Obj. 14.2.1) 





10. (x +2)? +(y—1)?=9 (Obj.1422) 11. (Obj. 14.3.1) 12. (Obj. 14.3.1) 





13. (Obj. 14.3.2) 14. 





16. (V5,3), (—V5, 3), (V5, -3), and (-V5,-3) (Obj. 14.4.1) 17. (2,3) one (1.3) (Obj. 14.4.1) 
tS Gy sland( V5) (@beie4s)- 19. 2 ~Obj451) -. 20. (Obj. 14.5.1) 
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abscissa The first number of an ordered pair; it measures 
a horizontal distance and is also called the first commas 
of an ordered pair. (Sec. 4.1) 


absolute value of a number The distance of the number 
from zero on the number line. (Sec. 1.1, 2.5) 


absolute-value equation An equation containing the 
absolute-value symbol. (Sec. 2.5) 


acute angle An angle whose measure is between 0° and 
90°. (Sec. 3.1) 


acute triangle A triangle that has three acute angles. 
(Sec. 3.2) 


addition method An algebraic method of finding an exact 
solution of a system of linear equations. (Sec. 5.3) 


additive inverses Numbers that are the same distance 
from zero on the number line but lie on different sides of 
zero; also called opposites. (Sec. 1.1, 1.4) 


adjacent angles Two angles that share a common side. 
(Sec. 3.1) 


alternate exterior angles Two angles that are on opposite 
sides of the transversal and outside the parallel lines. 
(Sec. 3.1) 


alternate interior angles Two angles that are on opposite 
sides of the transversal and between the parallel lines. 
(Sec. 3.1) 


analytic geometry Geometry in which a coordinate sys- 
tem is used to study relationships between variables. 
(Sec. 4.1) 


angle An angle is formed when two rays start at the same 
point; it is measured in degrees. (Sec. 3.1) 


antilogarithm If log, M = N, then the antilogarithm, base 
b, of N is M. (Sec. 12.2) 


area A measure of the amount of surface in a region. 
(Sec. 3.2) 


asymptotes The two straight lines that a hyperbola 
“approaches.” (Sec. 11.6) 


axes The two number lines that form a rectangular coordi- 
nate system; also called coordinate axes. (Sec. 4.1) 


axis of symmetry of a parabola A line of symmetry that 
passes through the vertex of the parabola and is parallel 
to the y-axis for an equation of the form y = ax” + bx +c 
or parallel to the x-axis for an equation of the form 
= ay? + by + c. (Sec. 11.2, 11.6) 


base In an exponential expression, the number that is 
taken as a factor as many times as indicated by the 
exponent. (Sec. 1.2) 


basic percent equation Percent times base equals 
amount. (Sec. 2.1) 


binomial A polynomial of two terms. (Sec. 6.2) 


center of a circle The central point that is equidistant 
from all the points that make up a circle. (Sec. 11.6) 


center of an ellipse The intersection of the two axes of 
symmetry of the ellipse. (Sec. 11.6) 


characteristic The integer part of a common logarithm. 
(Sec. 12.2) 


circle A plane figure in which all points are the same 
distance from point O, which is called the center of the 
circle. In a rectangular coordinate system, the set of all 
points (x, y) in the plane that are a fixed distance from a 
given point (h, k) called the center. (Sec. 3.2, 11.6) 


circumference The distance around a circle. (Sec. 3.2) 


clearing denominators Removing denominators from 
an equation that contains fractions by multiplying each 
side of the equation by the LCM of the denominators. 
(Sec. 8.4) 


coefficient The number part of a variable term. (Sec. 1.4) 


cofactor of an element of a matrix (—1)‘*/ times the 
minor of that element, where i is the row number of the 
element and j is its column number. (Sec. 5.4) 


combined variation A variation in which two or more 
types of variation occur at the same time. (Sec. 8.7). 


combining like terms Using the Distributive Property to 
add the coefficients of like variable terms; adding like 
terms of a variable expression. (Sec. 1.4) 


common logarithms Logarithms to the base 10. 
(Sec. 12.2) 


complementary angles Two angles whose sum is 90°. 
(Sec. 3.1) 


completing the square Adding to a binomial the constant 
term that makes it a perfect-square trinomial. (Sec. 10.2) 


complex fraction A fraction whose numerator or denomi- 
nator contains one or more fractions. (Sec. 8.3) 


complex number A number of the tom a + bi, where a 
and b are real numbers andi = V —1. (Sec. 9.3) 


composition of functions The operation on two func- 
tions f and g denoted by f « g. The value of the composi- 
tion of f and g is given by (fo g)(x) = f[g(x)]. (Sec. 11.4) 


compound inequality Two inequalities joined with a con- 
nective word such as “and” or “or.” (Sec. 2.4) 


compound interest Interest that is computed not only on 
the original principal but also on the interest already 
earned. (Sec. 12.5) 


conic section ‘A curve that can be constructed from the 
intersection of a plane and a right circular cone. The four 
conic sections are the parabola, hyperbola, ellipse, and 
circle. (Sec. 11.6) 


conjugates Binomial expressions that differ only in the 
sign of a term. The expressions a + b anda — b are 
conjugates. (Sec. 9.2) 


consecutive even integers Even integers that follow one 
another in order. (Sec. 7.5) 


consecutive integers Integers that follow one another in 
order. (Sec. 7.5) 


consecutive odd integers Odd integers that follow one 
another in order. (Sec. 7.5) 
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constant of proportionality k in a variation equation; 
also called the constant of variation. (Sec. 8.7) 


constant of variation k in a variation equation; also 
called the constant of proportionality. (Sec. 8.7) 


constant term A term that includes no variable part; also 
called a constant. (Sec. 1.4) 


coordinate axes The two number lines that form a rec- 
tangular coordinate system; also called axes. (Sec. 4.1) 


coordinates of a point The numbers in the ordered pair 
that is associated with the point. (Sec. 4.1) 


corresponding angles Two angles that are on the same 
side of the transversal and are both acute angles or are 
both obtuse angles. (Sec. 3.1) 


cube A rectangular solid in which all six faces are squares. 
(Sec. 3.3) 


cube root of a perfect cube One of the three equal fac- 
tors of the perfect cube. (Sec. 7.4) 


cubic function A third-degree polynomial function. 
(Sec. 6.2) 


decimal notation Notation in which a number consists of 
a whole-number part, a decimal point, and a decimal 
part. (Sec. 1.2) 


degree Unit used to measure angles; one complete revolu- 
tion is 360°. (Sec. 3.1) 


degree of a monomial The sum of the exponents of the 
variables. (Sec. 6.1) 


degree of a polynomial The greatest of the degrees of any 
of its terms. (Sec. 6.2) 


dependent system of equations A system of equations 
whose graphs coincide. (Sec. 5.1) 


dependent variable In a function, the variable whose 
value depends on the value of another variable known as 
the independent variable. (Sec. 4.1) 


descending order The terms of a polynomial in one 
variable are arranged in descending order when the 
exponents of the variable decrease from left to right. 
(Sec. 6.2) 


determinant A number associated with a square matrix. 
(Sec. 5.4) 


diameter of a circle A line segment with endpoints on the 
circle and going through the center. (Sec. 3.2) 


diameter of a sphere A line segment with endpoints on 
the sphere and going through the center. (Sec. 3.3) 


direct variation A special function that can be expressed 
as the equation y = kx, where k is a constant called the 
constant of variation or the constant of proportionality. 
(Sec. 8.7) 


discriminant For an equation of the form ax? + bx +c = 0, 
the quantity b? — 4ac is called the discriminant. (Sec. 10.3) 


domain The set of the first coordinates of all the ordered 
pairs of a relation. (Sec. 4.1) 


double root When a quadratic equation has two solutions 
that are the same number, the solution is called a double 
root of the equation. (Sec. 10.1) 


element of a matrix A number in a matrix. (Sec. 5.4) 


elements of a set The objects in the set. (Sec. 1.5) 


ellipse An oval shape that is one of the conic sections. 
(Sec. 11.6) 


empty set The set that contains no elements; also called 
the null set. (Sec. 1.5) 


equation A statement of the equality of two mathematica 
expressions. (Sec. 2.1) 


equilateral triangle A triangle that has three sides of 
equal length; the three angles are also of equal measure. 
(Sec. 3.2) 


equivalent equations Equations that have the same solu- 
tion. (Sec. 2.1) 


evaluating a function Replacing x in f(x) with some 
value and then simplifying the numerical expression tha’ 
results. (Sec. 4.1) 


evaluating a variable expression Replacing each variabl 
by its value and then simplifying the resulting numerical 
expression. (Sec. 1.4) 


even integer An integer that is divisible by 2. (Sec. 7.5) 


expanding by cofactors A technique for finding the value 
of a3 X 3 or larger determinant. (Sec. 5.4) 


exponent In an exponential expression, the raised numbe! 
that indicates how many times the factor, or base, occurs 
in the multiplication. (Sec. 1.2) 


exponential equation An equation in which the variable 
occurs in the exponent. (Sec. 12.4) 


exponential form The expression 2° is in exponential 
form. Compare factored form. (Sec. 1.2) 


exponential function The exponential function with 
base b is defined by f(x) = b*, where b is a positive real 
number not equal to one. (Sec. 12.1) 


exterior angle An angle adjacent to an interior angle of a 
triangle. (Sec. 3.1) 


extraneous solution When each side of an equation is 
raised to an even power, the resulting equation may have 
a solution that is not a solution of the original equation. 
Such a solution is called an extraneous solution. (Sec. 9.4) 


factor In multiplication, a number being multiplied. 
(Sec. 1.1) 


factored form The multiplication 2-2.2-2.-2.-2isin 
factored form. Compare exponential form. (Sec. 1.2) 

factoring a polynomial Writing the polynomial as a prod- 
uct of other polynomials. (Sec. 7.1) 


factoring a trinomial Expressing the trinomial as the 
product of two binomials. (Sec. 7.2) 


first-degree equation An equation in which all variables 
have an exponent of 1. (Sec. 4.2) 


FOIL A method of finding the product of two binomials. 
The letters stand for First, Outer, Inner, and Last. 
(Sec. 6.3) 


formula A literal equation that states rules about mea- 
surement. (Sec. 8.5) 


function A relation in which no two ordered pairs that 
have the same first coordinate have different second 
coordinates. (Sec. 4.1) 


functional notation A function designated by f (x), which 
is the value of the function at x. (Sec. 4.1) 


geometric solid A figure‘in space. (Sec. 3.3) 


graph of a real number A heavy dot placed directly above 
the number on the number line. (Sec. 1.1) 


graph of a relation The graph of the ordered pairs that 
belong to the relation. (Sec. 4.1) 


graph of an equation in two variables A graph of the 
ordered-pair solutions of the equation. (Sec. 4.2)" 


graph of an ordered pair The dot drawn at the coordi- 
nates of the point in the plane. (Sec. 4.1) 


graphing a point in the plane Placing a dot at the loca- 
tion given by the ordered pair; also called plotting a 
point in the plane. (Sec. 4.1) oT 


greater than A number that lies to the right of another 
number on the number line is said to be greater than 
that number. (Sec. 1.1) 


greatest common factor The greatest common factor 
(GCF) of two or more integers is the greatest integer that is 
a factor of all the integers. The greatest common factor of 
two or more monomials is the product of the GCF of the 
coefficients and the common variable factors. (Sec. 7.1) 


half-plane The solution set of a linear inequality in two 
variables. (Sec. 4.6) 


hyperbola A conic section formed by the intersection of a 
cone and a plane perpendicular to the base of the cone. 
(Sec. 11.6) 


hypotenuse In a right triangle, the side opposite the 90° 
angle. (Sec. 9.4) 


imaginary number A number of the form ai, where a is a 
real number andi = V —1. (Sec. 9.3) 


imaginary part of a complex number For the complex 
number a + bi, b is the imaginary part. (Sec. 9.3) 


inconsistent system of equations A system of equations 
that has no solution. (Sec. 5.1) 


independent system of equations A system of equations 
whose graphs intersect at only one point. (Sec. 5.1) 


independent variable In a function, the variable that 
varies independently and whose value determines the 
value of the dependent variable. (Sec. 4.1) 


index In the expression W/a, n is the index of the radical. 
(Sec. 9.1) 


inequality An expression that contains the symbol >, <, = 
(is greater than or equal to), or < (is less than or equal 
to). (Sec. 1.5) 


integers The numbers..., —3, 
(Sec. 1.1) 


interior angles The angles within the region enclosed by a 
triangle. (Sec. 3.1) 
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intersecting lines Lines that cross at a point in the plane. 
(Sec. 3.1) 


intersection of two sets The set that contains all ele- 
ments that are common to both of the sets. (Sec. 1.5) 


inverse of a function The set of ordered pairs formed by 
reversing the coordinates of each ordered pair of the 
function. (Sec. 11.5) 


inverse variation A function that can be expressed as the 
equation y = k/x, where k-is a constant. (Sec. 8.7) 


~~ 
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irrational number The decimal representation of an irra- 
tional number never terminates or repeats and can only 
be approximated. (Sec. 1.2, 9.2) 


isosceles triangle A triangle that has two sides of equal 
length; the angles opposite the equal sides are of equal 
measure. (Sec. 3.2) 


joint variation A variation in which a variable varies di- 
rectly as the product of two or more variables. A joint 
variation can be expressed as the equation z = kxy, where 
k is a constant. (Sec. 8.7) 


leading coefficient In a polynomial, the coefficient of the 
variable with the largest exponent. (Sec. 6.2) 


least common denominator The smallest number that is 
a multiple of each denominator in question. (Sec. 1.2) 


least common multiple (LCM) The LCM of two or more 
numbers is the smallest number that is a multiple of 
each of those numbers. (Sec. 1.2) 


least common multiple of two polynomials The sim- 
plest polynomial of least degree that contains the factors 
of each polynomial. (Sec. 8.2) 


leg In a right triangle, one of the two sides that are not 
opposite the 90° angle. (Sec. 9.4) 


less than A number that lies to the left of another number 
on the number line is said to be less than that number. 
(Sec. 1.1) 


like terms Terms of a variable expression that have the 
same variable part. Having no variable part, constant 
terms are like terms. (Sec. 1.4) 


line A line extends indefinitely in two directions in a 
plane; it has no width. (Sec. 3.1) 


line of best fit A line drawn to approximate data that are 
graphed as points in a coordinate system. (Sec. 4.4) 


linear equation in three variables An equation of the 
form Ax + By + Cz = D, where A, B, C, and D are con- 
stants. (Sec. 5.3) 


linear equation in two variables An equation of the form 
y = mx + b, where m and b are constants; also called a 
linear function. (Sec. 4.2) 


linear function An equation of the form y = mx + b, 
where m and b are constants; also called a linear equa- 
tion in two variables. (Sec. 4.2, 6.2, 11.1) 


linear inequality in two variables An inequality of the 
form y > mx + b or Ax + By > C. (The symbol > could 
be replaced by =, <, or S.) (Sec. 4.6) 


linear model A first-degree equation that is used to 
describe a relationship between quantities. (Sec. 4.4) 


line segment Part of a line; it has two endpoints. (Sec. 3.1) 


literal equation An equation that contains more than one 
variable. (Sec. 8.5) 


logarithm For b greater than zero and not equal to 1, the 
statement y = log,x (the logarithm of x to the base b) is 
equivalent to x = bY. (Sec. 12.2) 


mantissa The decimal part of a common logarithm. 
(Sec. 12.2) 


matrix A rectangular array of numbers. (Sec. 5.3) 


minor of an element The minor of an element ina 
3 x 3 determinant is the 2 x 2 determinant obtained 
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by eliminating the row and column that contain that 
element. (Sec. 5.4) 


monomial A number, a variable, or a product of a number 
and variables; a polynomial of one term. (Sec. 6.1, 6.2) 


multiplicative inverse The multiplicative inverse of a 
nonzero real number a is 1/a; also called the reciprocal. 
(Sec. 1.4) 


natural exponential function The function defined by 
f(x) = e*, where e = 2.71828. (Sec. 12.1) 


natural logarithm When e (the base of the natural expo- 
nential function) is used as the base of a logarithm, the 
logarithm is referred to as the natural logarithm and is 
abbreviated In x. (Sec. 12.2) 


natural numbers The numbers 1, 2, 3,...; also called the 
positive integers. (Sec. 1.1) 


negative integers The numbers..., —3, —2, —1. (Sec. 1.1) 


negative slope The slope of a line that slants downward 
to the right. (Sec. 4.3) 


nonfactorable over the integers A polynomial is nonfac- 
torable over the integers if it does not factor using only 
integers. (Sec. 7.2) 


nth root of a A number b such that b” = a. The nth root of 
a can be written a” or Wa. (Sec. 9.1) 


null set The set that contains no elements; also called the 
empty set. (Sec. 1.5) 


numerical coefficient The number part of a variable 
term. When the numerical coefficient is 1 or —1, the 1 is 
usually not written. (Sec. 1.4) 


obtuse angle An angle whose measure is between 90° and 
180°. (Sec. 3.1) 


obtuse triangle A triangle that has one obtuse angle. 
(Sec. 3.2) 


odd integer An integer that is not divisible by 2. (Sec. 7.5) 


one-to-one function In a one-to-one function, given any 
y, there is only one x that can be paired with the given 
y. (Sec. 11.5) 


opposites Numbers that are the same distance from zero 
on the number line but lie on different sides of zero; also 
called additive inverses. (Sec. 1.1) 


order m X n A matrix of m rows and n columns is of 
order m X n. (Sec. 5.4) 


Order of Operations Agreement A set of rules that tell us 
in what order to perform the operations that occur in a 
numerical expression. (Sec. 1.3) 


ordered pair Pair of numbers expressed in the form (a, b) 
and used to locate a point in the plane determined by a 
rectangular coordinate system. (Sec. 4.1) 


ordinate The second number of an ordered pair; it mea- 
sures a vertical distance and is also called the second 
coordinate of an ordered pair. (Sec. 4.1) 


origin The point of intersection of the two number lines 
that form a rectangular coordinate system. (Sec. 4.1) 


parabola The graph of a quadratic function is called a 
parabola. (Sec. 11.2) 


parallel lines Lines that never meet; the distance between 
them is always the same. In a rectangular coordinate 


system, parallel lines have the same slope and thus do 
not intersect. (Sec. 3.1, 4.5) 


parallelogram A quadrilateral that has opposite sides 
equal and parallel. (Sec. 3.2) 


percent Parts of 100. (Sec. 1.2) 


perfect cube The product of the same three factors. 
(Sec. 7.4) 


perfect square The product of a term and itself. 
(Sec. 1.2, 7.4) 


perimeter The distance around a plane figure. 
(Sec. 3.2) 


perpendicular lines Intersecting lines that form right 
angles. The slopes of perpendicular lines are negative 
reciprocals of each other. (Sec. 3.1, 4.5) 


plane A flat surface. (Sec. 3.1) 
plane figure A figure that lies totally in a plane. (Sec. 3.1) 


plotting a point in the plane Placing a dot at the location 
given by the ordered pair; also called graphing a point in 
the plane. (Sec. 3.1) 

point-slope formula The equation y — y, = m(x — x,), 
where m is the slope of a line and (x,, y,) is a point on 
the line. (Sec. 4.4) 


polygon A closed figure determined by three or more line 
segments that lie in a plane. (Sec. 3.2) 


polynomial A variable expression in which the terms are 
monomials. (Sec. 6.2) 


positive integers The numbers 1, 2, 3,...; also called the 
natural numbers. (Sec. 1.1) 


positive slope The slope of a line that slants upward to 
the right. (Sec. 4.3) 


prime polynomial A polynomial that is nonfactorable 
over the integers. (Sec. 7.2) 


principal square root The positive square root of a num- 
ber. (Sec. 1.2, 9.1) 


product In multiplication, the result of multiplying two 
numbers. (Sec. 1.1) 


proportion An equation that states the equality of two 
ratios or rates. (Sec. 8.4) 


Pythagorean Theorem The square of the hypotenuse of a 
right triangle is equal to the sum of the squares of the 
two legs. (Sec. 9.4) 


quadrant One of the four regions into which a rectangular 
coordinate system divides the plane. (Sec. 4.1) 


quadratic equation An equation of the form 
ax’ + bx + c = 0, where a, b, andc are constants and a is 
not equal to zero; also called a second-degree equation. 
(Sec. 7.5, 10.1) 


quadratic formula A general formula, derived by apply- 
ing the method of completing the square to the standard 
form of a quadratic equation, used to solve quadratic 
equations. (Sec. 10.3) 


quadratic function A function that can be expressed by 
the equation f(x) = ax? + bx +c, where a is not equal to 
ZETOm (SEC. 0:2 41.12) 


quadratic inequality An inequality that can be written in 
the form ax? + bx +c <Oorax?+bx+ce> 0, where a is 


not equal to zero. The-symbols < and = can also be used. 


(Sec. 10.6) 


quadratic trinomial A trinomial of the form ax? + bx +, 
where a, b, and c are nonzero constants. (Sec. 7.4) 


quadrilateral A four-sided closed figure. (Sec. 3.2) 


radical equation An equation that contains a variable 
expression in a radicand. (Sec. 9.4) 


radical sign The symbol yy which is used to indicate 


the positive, or principal, square root of a number. 
(Sec. 1.2, 9.1) 


radicand In a radical expression, the expression under the 
radical sign. (Sec. 1.2, 9.1) ee 


radius of a circle A line segment going from the center 
to a point on the circle. The fixed distance, from the 
center of a circle, of all points that make up the circle. 
(Sec. 3.2, 11.6) 


radius of a sphere A line segment going from the center 
to a point on the sphere. (Sec. 3.3) 


range The set of the second coordinates of all the ordered 
pairs of a relation. (Sec. 4.1) 


rate The quotient of two quantities that have different 
units. (Sec. 8.4) 


rate of work That part of a task that is completed in one 
unit of time. (Sec. 8.6) 


ratio The quotient of two quantities that have the same 
unit. (Sec. 8.4) 


rational expression A fraction in which the numerator or 
denominator is a polynomial. (Sec. 8.1) 


rational number A number of the form a/b, where a and b 
are integers and b is not equal to zero. (Sec. 1.2) 


rationalizing the denominator The procedure used to 
remove a radical from the denominator of a fraction. 
(Sec. 9.2) 


ray A ray starts at a point and extends indefinitely in one 
direction. (Sec. 3.1) 


real numbers The rational numbers and the irrational 
numbers taken together. (Sec. 1.2) 


real part of a complex number For the complex number 
a + bi, ais the real part. (Sec. 9.3) 


reciprocal The reciprocal of a nonzero real number a is 
1/a; also called the multiplicative inverse. (Sec. 1.4) 


reciprocal of a rational expression The rational expres- 
sion with the numerator and denominator interchanged. 
(Sec. 8.1) 


rectangle A parallelogram that has four right angles. 
(Sec. 3.2) 


rectangular coordinate system A coordinate system 
formed by two number lines, one horizontal and one 
vertical, that intersect at the zero point of each line. 
(Sec. 4.1) 


rectangular solid A solid in which all six faces are rectan- 
gles. (Sec. 3.3) 


regular polygon A polygon in which each side has the 
same length and each angle has the same measure. 
(Sec. 3.2) 


relation A set of ordered.pairs. (Sec. 4.1) 
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repeating decimal Decimal formed when dividing the 
numerator of its fractional counterpart by the denomina- 
tor results in a decimal part wherein one or more digits 
repeat infinitely. (Sec. 1.2) 


right angle A 90° angle. (Sec. 3.1) 


right triangle A triangle that contains one right angle. 
(Sec. 3.1) 


roster method A method of designating a set by enclosing 
a list of its elements in braces. (Sec. 1.5) 


scatter diagram A graph of collected data as points in a 
coordinate system. (Sec. 4.4) 


scientific notation Notation in which a number is ex- 
pressed as the product of a number between 1 and 10 
and a power of 10. (Sec. 6.1) 


second-degree equation An equation of the form 
ax? + bx +c = 0, wherea, b, andc are constants and 
a is not equal to zero; also called a quadratic equation. 
(Sec. 10.1) 


set A collection of objects. (Sec. 1.5) 


set-builder notation A method of designating a set that 
makes use of a variable and a certain property that only 
elements of that set possess. (Sec. 1.5) 


similar objects Similar objects have the same shape but 
not necessarily the same size. (Sec. 8.4) 


simplest form of a rational expression A rational ex- 
pression is in simplest form when the numerator and 
denominator have no common factors. (Sec. 8.1) 


slope A measure of the slant, or tilt, of a line. The symbol 
for slope is m. (Sec. 4.3) 


slope-intercept form of a straight line The equation 
y = mx + b, where m is the slope of the line and (0, b) is 
the y-intercépt. (Sec. 4.3) 


solution of a system of equations in three variables An 
ordered triple that is a solution of each equation of the 
system. (Sec. 5.3) 


solution of a system of equations in two variables An 
ordered pair that is a solution of each equation of the 
system. (Sec. 5.1) 


solution of an equation A number that, when substituted 
for the variable, results in a true equation. (Sec. 2.1) 


solution of an equation in three variables An ordered 
triple (x, y, z) whose coordinates make the equation a 
true statement. (Sec. 5.3) 


solution of an equation in two variables An ordered pair 
whose coordinates make the equation a true statement. 
(Sec. 4.1) 


solution set of a system of inequalities The intersection 
of the solution sets of the individual inequalities. (Sec. 5.6) 


solution set of an inequality A set of numbers, each ele- 
ment of which, when substituted for the variable, results 
in a true inequality (Sec. 2.4) 


solving an equation Finding a solution of the equation. 
(Sec. 2.1) 


sphere A solid in which all points are the same distance 
from point O, which is called the center of the sphere. 
(Sec. 3.3) 


G6 Glossary 


square A rectangle that has four equal sides. (Sec. 3.2) 


square root A square root of a positive number x is a 
number a for which a? = x. (Sec. 1.2) 


square matrix A matrix that has the same number of 
rows as columns. (Sec. 5.4) 


square root of a perfect square One of the two equal 
factors of the perfect square. (Sec. 7.4) 


standard form of a quadratic equation A quadratic 
equation is in standard form when the polynomial is in 
descending order and equal to zero. (Sec. 7.5, 10.1) 


substitution method An algebraic method of finding an 
exact solution of a system of linear equations. (Sec. 5.2) 


straight angle A 180° angle. (Sec. 3.1) 


sum In addition, the total of two or more numbers. 
(Sec. 1.1) 


supplementary angles Two angles whose sum is 180°. 
(Sec. 3.1) 


synthetic division A shorter method of dividing a polyno- 
mial by a binomial of the form x — a. This method uses 
only the coefficients of the variable terms. (Sec. 6.4) 


system of equations Two or more equations considered 
together. (Sec. 5.1) 


system of inequalities Two or more inequalities consid- 
ered together. (Sec. 5.6) 


terminating decimal Decimal formed when dividing the 
numerator of its fractional counterpart by the denomina- 
tor results in a remainder of zero. (Sec. 1.2) 


terms of a variable expression The addends of the 
expression. (Sec. 1.4) 


tolerance of a component The acceptable amount by 
which the component may vary from a given measure- 
ment. (Sec. 2.5) 


transversal A line intersecting two other lines at two 
different points. (Sec. 3.1) 


triangle A three-sided closed figure. (Sec. 3.1) 
trinomial A polynomial of three terms. (Sec. 6.2) 


undefined slope The slope of a vertical line is undefined. 
(Sec. 4.3) 


uniform motion The motion of an object whose speed 
and direction do not change. (Sec. 2.3, 8.6) 


union of two sets The set that contains all elements that 
belong to either of the sets. (Sec. 1.5) 


value of a function The value of the dependent variable 
for a given value of the independent variable. (Sec. 4.1) 


value mixture problem A problem that involves combin- 
ing two ingredients that have different prices into a 
single blend. (Sec. 2.3) 

variable A letter of the alphabet used to stand for a num- 
ber that is unknown or that can change. (Sec. 1.1) 

variable expression An expression that contains one or 
more variables. (Sec. 1.4) 

variable part In a variable term, the variable or variables 
and their exponents. (Sec. 1.4) 

variable term A term composed of a numerical coefficient 


and a variable part. When the numerical coefficient is 
1 or —1, the 1 is not usually written. (Sec. 1.4) 


vertex The common endpoint of two rays that form an 
angle. (Sec. 3.1) 


vertex of a parabola The point on the parabola with 
the smallest y-coordinate or the largest y-coordinate. 
(Sec. 11.1) 


vertical angles Two angles that are on opposite sides of 
the intersection of two lines. (Sec. 3.1) 


volume A measure of the amount of space inside a closed 
surface. (Sec. 3.3) 


x-coordinate The abscissa in an xy-coordinate system. 
(Sec. 4.1) 


x-intercept The point at which a graph crosses the x-axis. 
(Sec. 4.2) 


y-coordinate The ordinate in an xy-coordinate system. 
(Sec. 4.1) 


y-intercept The point at which a graph crosses the y-axis. 
(Sec. 4.2) 


zero slope The slope of a horizontal line. (Sec. 4.3) 





Abscissa, 201 
Absolute value, 4, 125 
and distance, 125 
equations with, 125-126 
inequalities with, 126-127 
of numbers, 4 
Absolute-value equations, 125-126 
Absolute-value function, graph of, 598 
Absolute-value inequalities, 126-128 
applications of, 128 
Acute angle, 148 
Acute triangle, 162 
Addition 
of additive inverses, 40 
Associative Property of, 39 
Commutative Property of, 39 
of complex numbers, 510-511 
of decimals, 20 
Distributive Property, 38-39 
of fractions, 19 
of functions, 603-604 
of integers, 5-7 
Inverse Property of, 40 
of polynomials, 336-338 
of radical expressions, 500 
of rational expressions, 433-436 
of rational numbers, 19-20 
verbal phrases for, 44 
Addition method of solving systems of 
equations, 277-284 
Addition Property of Equations, 74 
Addition Property of Inequalities, 113 
Addition Property of Zero, 39 
Additive inverse, 4, 40 
of polynomials, 336 
Adjacent angles, 148, 150 
Algebra, origins of, 320 
Algebraic fraction(s), see Rational 
Expression(s) 
Algebraic symbolism, 536 
Algorithm, 320 
al Hassar, 17 
Al-Khowarizmi, 320, 545 
Alternate exterior angles, 151 
Alternate interior angles, 151 
Analytic geometry, 201 
Angle, 146 
acute, 148 
adjacent, 148, 150 
alternate exterior, 151 
alternate interior, 151 
complementary, 147 
corresponding, 151 
exterior, 153 
formed by intersecting lines, 150-155 
interior, 153 
measure of, 146-147 
obtuse, 148 
right, 147 
sides of, 146 


straight, 148 
supplementary, 148 
symbol for, 146 
vertex of, 146 
vertical, 150 
Antilogarithm, 652 
Aphelion, 582 
Apollonius, 582 
Application problems 
absolute value, 128 
angles, 154 
area, 170 
average, 63 
break-even point, 462 
carbon dating, 672 
compound interest, 671 
current or rate of wind, 297-298 
distance (rate, time), 103-104, 
465-466, 564 
distance modulus, 664, 677 
exponential decay, 672 
exponential functions, 671-672 
exponential growth, 671 
factoring, 405-406, 563-564 
functions, 220, 584, 592 
geometry, 154, 165, 170, 181, 184, 
412, 413, 450-451, 519-520, 564 
inequalities, 118 
integers, 10, 405 
investment, 101-102, 671 
linear equations, 238 
linear functions, 220, 584 
line of best fit, 238 
logarithms, 672-673 
minimum and maximum of a 
function, 592, 631 
mixture, 97-100 
motion, 103-104, 564 
multiplication of polynomials, 344 
percent, 77-78 
percent mixture, 99-100 
percent-of-light, 673 
perimeter, 165 
pH, 672 
using Polya’s four-step process, 
411-412, 477, 525 
proportions, 452 
Pythagorean Theorem, 519-520, 
526 
quadratic equations, 405-406, 
563-564, 592, 631 
rate of wind or current, 297-298 
rational numbers, 26 
Richter scale, 672 
scientific notation, 328 
slope, 227-228 
solving equations by factoring, 
405-406, 563-564 
solving equations containing radi- 
cals, 519-520 


— 


solving first-degree equations in one 
variable, 89-90 
surface area, 184 
systems of equations, 297-300 
tolerance, 128 
translating into equations and 
solving, 89-90 
triangles, 154, 450-451 
two-variable, 297-300 
uniform motion, 103-104, 465-466, 
564 
value mixture, 97-98 
volume, 181 
variation, 471-474 
work, 463-464, 563 
Approximation 
of radical expressions, 24, 25, 499 
of the value of a function, 643 
Archimedes, 164 
Area, 166-170 
Arithmetic mean, 63 
Associative Property of Addition, 39 
Associative Property of Multiplication, 
40 
Asymptotes, 479 
of a hyperbola, 625 
Average, 63 
Axes, 201 
Axis of symmetry, 191 
ellipse, 623 
hyperbola, 625 
parabola, 588, 617-620 


Babylonian mathematics, 370 
Base 
in exponential expression, 22, 321 
in exponential function, 643 
in logarithmic expression, 651 
of parallelogram, 167 
in percent equation, 77 
of trapezoid, 168 
of triangle, 168 
Basic percent equation, 77 
Binomial expansion, 361 
Binomial factor, 373 
Binomial(s), 333 
expanding powers of, 361 
factors, 373 
product of, 342-344 
square of a, 343 
Brahmagupta, 17 
Break-even point, 462 
Briggs, 654 
Burgi, 654 


Calculators, 9, 37, 169, 181, 334 
graphing functions with, 334, 479, 633 
graphing linear equations with, 254 
graphing logarithmic functions with, 

681 
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Calculators (continued) 
graphing quadratic equations with, 
573 
and the Order of Operations Agree- 
ment, 62 
plus/minus key, 62 
solving first-degree equations with, 
310-311 
solving systems of equations with, 
309-310 
Carbon dating, 672 
Cardano, 509 
Center 
of circle, 164, 621 
of ellipse, 623 
of hyperbola, 625 
of sphere, 179 
Change-of-Base Formula, 656 
Chapter Review Exercises, 67, 137, 
193, 257, 313, 363, 415, 481, 529, 
575, 635, 683 
Chapter Summary, 64, 136, 191, 256, 311, 
361, 414, 480, 527, 574, 633, 682 
Chapter Test, 69, 139, 195, 259, 315, 
365, 417, 483, 531, 577, 637, 685 
Characteristic of common logarithm, 
652 
Chuquet, 489 
Circle, 164, 622-623 
area of, 169 
circumference of, 164 
Circumference, 164 
Circumference of Earth, 422 
Clearing denominators, 447 
Coefficient, 37 
leading, 333 
Coefficient determinant, 292 
Cofactor, 290 
Combined variation, 472 
Combining like terms, 39 
Common denominator, 19 
least common multiple, 19 
Common factor, 371 
Common logarithm, 652 
Commutative Property of Addition, 39 
Commutative Property of Multiplica- 
tion, 41 
Complementary angles, 147 
Completing the square, 545 
geometric method, 545, 572 
quadratic formula derivation, 551 
solving quadratic equations, 545-548 
Complex fraction(s), 443-444 
Complex number(s), 509-510 
addition and subtraction of, 510-511 
conjugate of, 512 
division of, 514 
multiplication of, 511-513 
Composite function, 605-606 
Composite number, 135 
Composition, 605-606 
of inverse function, 612 
Compound inequality, 116 
Compound interest formula, 671 


Cone, 179 
surface area of, 183 
volume of, 180 
Conic sections, 582, 617 
circle, 621-622 
ellipse, 582, 623-624 
graphing using a graphing calculator, 
632 
hyperbola, 582, 625-626 
parabola, 582, 617-620 
Conjugate, 501 
of a complex number, 512 
Consecutive even integers, 405 
Consecutive integers, 405 
Consecutive odd integers, 405 
Constant, 37 
Constant of proportionality, 471 
Constant of variation, 471 
Constant term, 37 
degree of, 321 
of a perfect square trinomial, 545 
Continued fraction, 478 
Convergent, 478 
Coordinate axes, 201 
Coordinates, 201 
Coordinate system, rectangular, 201 
Corresponding angles, 151 
Counterexamples, 253 
Cramer’s Rule, 292-294 
Cryptology, 72 
Cube, 180 
of a number, 22 
surface area of, 182, 183 
of a variable, 395 
volume of, 180 
Cube root(s), 395, 493-494 
Cubes, sum and difference of, factor- 
ing, 395-396 
Cubic function, 333 
graphing, 334, 597 
Cumulative Review Exercises, 141, 197, 
261, 317, 367, 419, 485, 533, 579, 
639, 687 
Current or rate-of-wind problems, 
297-298 
Cylinder, 179 
surface area of, 182, 183 
volume of, 180 


DaVinci, 163 

Decagon, 161 

Decimal(s) 
and fractions, 17 
operations on, 20, 21-22 
repeating, 17 
representing irrational numbers, 24 
representing rational numbers, 17 
and scientific notation, 327-328 
terminating, 17 

Dedekind, 499 

Degree 
in angle measurement, 147 
of a constant term, 321 
of a monomial, 321 


of a polynomial, 333 

of a quadratic equation, 537 
Denominator(s) 

clearing, 447 

common, 19 

least common multiple of, 19 

of rational expressions, 423 

rationalization of, 503-504 
Dependent system, 266, 281 
Dependent variable, 208 
Descartes, 2, 22, 201, 536 
Descending order, 333 
Determinant(s), 289 

cofactor expansion of, 290 

and Cramer’s Rule, 292-294 

and solving systems, 292-294 
Diameter 

of acircle, 164 

of a sphere, 179 
Difference 

of two cubes, 395 

of two squares, 393 
Dimensional analysis, 359-360 
Diophantus, 322 
Direct variation, 471 
Discriminant, 553, 590 
Distance 

and absolute value, 125 

motion problems, 103-104, 465-466 

between two points on a line, 145 
Distance modulus, 664, 677 
Distributive Property, 38 

factoring and, 373 

use in simplifying expressions, 42-44 

use in solving equations, 87-89 

use in solving inequalities, 115 
Division 

of complex numbers, 514 

of decimals, 21 

exponential expressions and, 323-326 

of fractions, 21 

of functions, 603-604 

of integers, 8-10 

of monomials, 323-326 

by one, 9 

of polynomials, 349-353 

of radical expressions, 502-504 

of rational expressions, 426 

of rational numbers, 21 

and reciprocals, 426 

synthetic, 351-353 

verbal phrases for, 45 

and zero, 9 
Domain, 205, 583 

of exponential function, 644 

of inverse function, 610 

of quadratic function, 587 

of radical function, 598 

of rational function, 479 
Double root, 537 


Einstein, 73 
Element 
of a matrix, 289 
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of a set, 3, 55 Pit 
Ellipse, 582, 623-624, 632 
Empty set, 55 


Endpoint, 145 
Equals sign, 74 
Equation(s), 73 
with absolute value, 125-126 
Addition Property of, 74 
basic percent, 77-78 
of circle, 621 
dependent, 266, 281 
of ellipse, 623 
equivalent, 74 
exponential, 665-666 
first-degree, 74-76, 85-89 
formulas, see Formula(s) 
fractional, 447-452 
graphs of, see Graph(s) 
of hyperbola, 625 
inconsistent, 265, 281 
independent, 265, 281 
linear, see Linear equations 
literal, 459-460 
logarithmic, 651, 652, 653, 667-668 
Multiplication Property of, 75 
of parabola, 587, 617, 619 
containing parentheses, 87-89 
quadratic, see Quadratic equation(s) 
radical, 517-518 
rational, 447-452 
reducible to quadratic, 557-560 
second-degree, 537 
solution of, 73 
from solutions, 538-539 
solving, see Solving equations 
systems, see Systems of equations 
in three variables, 280 
translating into, from sentences, 
89-90 
in two variables, 203-204 
of variation, 471-472 
Equilateral triangle, 161 
Equivalent equations, 74 
Eratosthenes, 134, 422 
Euclid, 145 
Euler, 478, 644 
Evaluating determinants, 289-291 
Evaluating expressions 
absolute value, 4 
exponential, 23 
logarithmic, 651, 652, 656 
numerical, 33-34 
variable, 37-38 
Evaluating functions, 208, 333-335, 
337-338, 354, 643 
Even integer, 405 
Expanding binomials, 361 
Expanding by cofactors, 290 
Exponent(s), 22, 321 
base of, 22, 321 
in division, 323-326 
integers as, 323-326 
irrational, 643 
in multiplication, 321 


negative, 324 

of perfect cubes, 395 

of perfect squares, 393 

raising a power to a power, 322 
rational, 489-492 


rules of, 321, 322 
zero as, 323 
Exponential decay, 672 
Exponential equations, 665-666 
writing equivalent logarithmic equa- 
tions, 651 
Exponential expression(s), 22, 321 
division of, 323-326 
evaluating, 23 
factored form of, 22 
multiplication of, 321-323 
and radical expressions, 491-492 
as repeated multiplication, 22 
simplifying, 321-326, 490-491 
writing as radical expressions, 
491-492 
Exponential form, 22 
Exponential function, 643 
applications of, 671-672 
evaluating, 643 
graph of, 645-646 
inverse of, 651 
natural, 644 
one-to-one property of, 645, 651, 665 
Exponential growth, 671 
Expression(s) 
evaluating, 23, 33-34 
exponential, 22-23, 321-326, 489-492 
like terms of, 38 
logarithmic, 651-652 
radical, 24-26 
rational, 423 
terms of, 37 
variable, 37 
verbal, 44—46 
Exterior angle, 153 
Extraneous solution, 518 


Faces of a rectangular solid, 179 
Factor 
binomial, 373 
common binomial, 373 
common monomial, 371 
greatest common, 371 
in multiplication, 7 
Factored form of an exponential 
expression, 22 
Factoring 
common binomial factor, 373-374 
common factors, 371-374 
completely, 379-380, 397-398 
difference of two squares, 393-394 
by grouping, 373-374 
perfect square trinomial, 393-394 
solving equations by, 403-404, 
537-538 
solving inequalities by, 567 
sum or difference of two cubes, 
395-396 
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trinomials, 377-380, 385-388, 
393-394, 396-398 
trinomials that are quadratic in 
form, 396-397 
Fibonacci, 3 
Final exam, 689 
First-degree equations, solving, 74-76, 
85-89, 310-311 
in two variables, 213 
First-degree inequalities, 113-116 
in two-variables, 249-250 
Focus of a parabola, 582 
Focus on Problem Solving, 61, 133, 
189, 253, 309, 359, 411, 477, 525, 
571, 631, 679 
FOIL method, 342 
Formula(s), 459 
for area, 166-169 
Change of Base, for logarithms, 656 
for circumference, 164 
compound interest, 671 
for distance (rate, time), 103 
for perimeter, 162-163 
point-slope, 236 
quadratic, 551 
simple interest, 101 
slope, 225 
for surface area, 182-183 
for volume, 180 
Fractals, 680 
Fraction(s) 
addition and subtraction of, 19 
algebraic, see Rational expression(s) 
complex, 443-444 
continued, 478 
and decimals, 17 
division of, 21, 426 
multiplication of, 20, 424 
and percent, 18 
reciprocals of, 426 
Fractional equations, 447-452 
reducible to quadratic, 560 
Fractional exponents, 489-492 
Fractional inequality, 568 
Frustrum, 412 
Function(s), 205 
absolute value, 598 
applications of, 220, 584, 592, 
671-674 
composite, 605-606 
cubic, 333, 597 
domain of, 205-206, 479, 587, 598 
evaluating, 208, 333-335, 337-338, 
354 
exponential, 643-646 
graph of, 206, 334, 335, 479, 583, 
587-589, 597-600, 645-646, 681 
horizontal line test for, 610 
inverse, 610-612 
linear, 213, 333, 583-584 
logarithmic, 651, 661-662, 681 
minimum and maximum of, 591-592 
one-to-one, 609-610 
operations on, 603-604 
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Function(s) (continued) 
polynomial, 333-336, 597 
quadratic, 333, 587-592 
radical, 598 
range of, 205-206, 587, 588, 598 
rational, 479 
vertical line test for, 598-600 

Functional notation, 208 


Galois, 85 
Gauss, 477 
Geometry, 145 
Geometric solid, 179 
Goldbach, 253 
Golden rectangle, 163, 478, 488 
Graph(s) 
of absolute value function, 598 
applications of, 220 
with calculator, 254, 309-311, 479, 
573 
of circles, 621-622 
of cubic functions, 334, 597 
of ellipses, 623-624 
of exponential functions, 645-646 
of functions, 206, 213-220, 229-230, 
334-336, 479, 583, 587-589, 
597-600, 645-646 
of horiztonal line, 218 
of hyperbolas, 625-626 
of inequalities 
in one variable, 57-58, 113 
in two variables, 249-250 
of integers, 3 
of linear equation in three variables, 
280 
of linear equation in two variables, 
203-204, 213-220, 229-230, 254 
of linear functions, 213-220, 583 
of logarithmic functions, 661-662, 
681 
of motion, 255 
of one-to-one functions, 609-610 
of ordered pair, 201-202 
of ordered triple, 280 
of parabolas, 334, 573, 587-589, 
617-620 
of polynomials functions, 334-336, 
597 
of quadratic functions, 334, 573, 
587-589 
of radical functions, 598 
of rational functions, 479 
of relations, 205, 598, 599 
of scatter diagram, 238 
of solution sets of systems of inequal- 
ities, 305 
of systems of linear equations, 
265-266 
of vertical line, 218 
using x- and y-intercepts, 217 
Graphing calculator, 254, 309-311, 334, 
479, 573, 633, 681 
Greater than, 3 
Greater than or equal to, 3 


Greatest common factor (GCF), 371 
Grouping, factoring by, 373-374 
Grouping symbols, 33 


Half plane, 249 
Haley’s comet, 582 
Harriot, 57 
Height 
of parallelogram, 168 
of trapezoid, 168 
of triangle, 168 
Hemisphere, 188 
Heptagon, 161 
Hexagon, 161 
Hoppe, 282 
Horizontal line, 218 
Horizontal line test, 610 
Hypatia, 146, 617 
Hyperbola, 582, 625-626, 632 
Hypotenuse, 519 


Imaginary number (Z), 509 
Inconsistent system, 265, 281 
Independent system, 265, 281 
Independent variable, 208 
Index of a radical expression, 491 
Inductive reasoning, 61 
Inequality(es) 
with absolute value, 126-127 
Addition Property of, 113 
applications of, 118 
compound, 116-117 
fractional, 568 
graphs of 
in one variable, 57-58, 113 
in two variables, 249-250 
linear, 249 
Multiplication Property of, 114 
nonlinear, 567-568 
parentheses in, 115 
quadratic, 567 
rational, 568 
solution set of 
in one variable, 113 
in a system of, 305 
in two variables, 249 
solving, see Solving inequalities 
systems of, 305-306 
Inequality symbols, 3, 57 
Input-output analysis, 264 
Integer(s), 3 
addition of, 5-7 
applications of, 10 
consecutive, 405 
division of, 8-10 
even and odd, 405 
as exponents, 323-326 
multiplication of, 7-8, 10 
negative, 3 
positive, 3 
subtraction of, 6-7 
Intercepts 
of an ellipse, 623 
graphing using, 217 


of a parabola, 589-591 

x- and y-, 217 
Interest, 101 
Interest rate, 101 
Interior angle, 153 
Intersecting lines, 146 
Intersection 

point of, 265 

of sets, 55-56 
Inverse 

additive, 3, 40 

of a polynomial, 336 
of exponential function, 651 
of functions, 610-612 
composition of, 612 

multiplicative, 41 
Inverse Property of Addition, 40 
Inverse Property of Multiplication, 41 
Inverse function, 610-612 
Inverse variation, 472 
Investment problems, 101-102 
Irrational number, 24, 499 
Isosceles trapezoid, 162 
Isosceles triangle, 161 


Joint variation, 472 
Klein bottle, 144 


Leading coefficient, 333 
Least common denominator, 19 
Least common multiple (LCM), 19, 431 
Legs of a right triangle, 519 
Leibnitz, 201 
Leontief, 264 
Less than, 3 
Less than or equal to, 3 
Like terms, 38 
Line(s), 145 
equations of, see Linear equations 
horizontal, 218 
intersecting, 146 
parallel, 146 
perpendicular, 147 
slope of, 225-228 
vertical, 218 
Linear equation(s), 213 
applications of, 220, 227-228, 238 
graphing, 213-220, 229-230, 583 
slope, 225-228 
slope-intercept form, 229 
solution of, 203 
systems of, see Systems of Equations 
in three variables, 280 
in two variables, 213 
writing, given the slope and a point 
on the line, 235-236 
writing, given two points, 236-237 
x- and y-intercepts of, 217 
Linear function, 213, 333, 583 
applications of, 220, 584 
see also, Linear equation(s) 
Linear inequality, 249-250 
system of, 305 
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Linear model, 238 me 
Line of best fit, 238 
Line segment, 145 
Literal equations, 459-460 
Logarithm(s), 651 
anti-, see Antilogarithm 
Change of Base Formula for, 656 
characteristic of, 652 
common, 652 
equations, solving, 652, 653 
mantissa of, 652 
natural, 652 
Properties of, 653-655 52 
use in solving exponential equations, 
666 
Logarithmic equation(s), 651, 652, 653, 
667-668 
converting to exponential equations, 
651 
Logarithmic function(s), 651 
applications of, 672-674 
graphs of, 661-662, 681 
properties of, 653-655 
Lower limit, 128 


Magic square, 200 
Mantissa of a common logarithm, 652 
Matrix, 289 
cofactor of a, 290 
element of a, 289 
order of a, 289 
minor of a, 289 
square, 289 
Maximum value of a quadratic func- 
tion, 591-592 
Mersenne prime, 72 
Minimum value of a quadratic func- 
tion, 591-592 
Minor of a matrix, 289 
Mixture problems 
percent mixture, 99-100 
value mixture, 97-98 
Mobius strip, 144 
Monomial(s), 321, 333 
common factor, 371 
degree of, 321 
products of, 321 
quotients of, 323-326 
simplifying powers of, 322-323 
Motion problems, 103-104, 465-466 
Moving average, 63 
Multiple, least common, 19, 431 
Multiplication 
Associative Property of, 40 
of binomials, 342-344 
Commutative Property of, 41 
of complex numbers, 511-513 
of decimals, 21-22 
Distributive Property, 38-39 
of exponential expressions, 321-323 
FOIL method, 342 
of fractions, 20, 424-425 
of functions, 603-604 
of integers, 7-8, 10 


Inverse Property of, 41 

of monomials, 321-323 

by one, 41 

of polynomials, 341-344 

of radical expressions, 501-502 

of rational expressions, 424-425 

of rational numbers, 20-22 

verbal phrases for, 45 

by zero, 403 
Multiplication Property of Equations, 75 
Multiplication Property of Inequalities, 

114 

Multiplication Property of One, 41 
Multiplication Property of Zero, 403 
Multiplicative inverse, 41 


Napier, 642, 654 
Napier rods, 642 
Natural exponential function, 644 
Natural logarithm, 652 
Natural number, 3 
Negative exponent, 324 
Negative integer, 3 

as an exponent, 324 
Negative reciprocal, 244 
Negative square root, 25, 493 
Newton, 324 
Nonagon, 161 
Nonfactorable over the integers, 378 
Nonlinear inequalities, 567-568 
nth root, 489, 491 
Null set, 55 
Number line 

absolute value and, 125 

addition on, 5 

graph of an integer on, 3 
Number(s) 

absolute value of, 4 

complex, 509-510 

composite, 135 

imaginary, 509 

integer, 3 

irrational, 24, 499 

natural, 3 

prime, 72, 134 

rational, 17 

real, 24 
Numerator determinant, 292 
Numerical coefficient, 37 


Obtuse angle, 148 
Obtuse triangle, 162 
Octagon, 161 
Odd integer, 405 
One 
in division, 9 
Multiplication Property of, 41 
One-to-one function, 609-610 
One-to-One Property of Exponential 
Functions, 645, 651, 665 
One-to-One Property of Logarithms, 
654, 661 
Opposite, 4, 40 
of a polynomial, 336 
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Ordered pair, 201 

Ordered triple, 280 

Order of a matrix, 289 

Order of Operations Agreement, 33-34 
and calculators, 62 

Ordinate, 201 

Origin, 201 


Parabola, 582, 587, 617 
axis of symmetry, 588, 617-620 
equation of, 587, 617, 619 
focus of, 582 
graphs of, 587-589, 617-620 
intercepts of, 589-591 
vertex of, 588, 617-620 
Parabolic mirror, 582 
Parallel lines, 146, 243 
Parallelogram, 162 
area of, 167 
Parkinson, 671 
Parsec, 327 
Pascal's Triangle, 361 
Peano, 57 
Pentagon, 161 
Percent, 18 
Percent equation, 77 
Percent mixture problems, 99-100 
Percent-of-light equation, 673 
Perfect cube, 395 
Perfect square, 24, 393 
Perfect square trinomial, 393, 545 
Perihelion, 582 
Perimeter, 162-165 
Perpendicular lines, 147, 244 
pH equation, 672 
Pi, 164 
Pixel, 254 
Plane, 145, 201 
Plane figure, 145 
Plotting points, 201-202 
Point, 145 
Point-slope formula, 236 
Polya, 411 
Polygon, 161 
Polygonal numbers, 166, 477 
Polynomial(s), 333 
addition and subtraction of, 336-338 
additive inverse of, 336 
binomial, 333 
degree of, 333 
descending order, 333 
division of, 349-353 
factoring, see Factoring 
greatest common factor of the terms 
of, 371 
monomial, 321, 333 
multiplication of, 341-344 
nonfactorable over the integers, 378 
prime, 378 
trinomial, 333 
Polynomial function(s), 333 
evaluating, 333-335, 354 
graph of, 334-336, 598, 633 
Positive integer, 3 
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Power(s) 
of exponential expressions, 322 
of products, 322-323 
of quotients, 324 
simplifying, 322-323 
verbal phrases for, 45 
Prime number, 72, 134 
Prime polynomial, 378 
Principal, 101 
Principal square root, 24, 493 
Principle of Zero Products, 403, 537 
Product(s) 
of complex numbers, 511-513 
of conjugates, 501 
expressing trinomials as, see 
Factoring 
in multiplication, 7 
of multiplicative inverses, 41 
of polynomials, 341-344 
of radical expressions, 501-502 
of rational expressions, 424-425 
simplifying powers of, 322-323 
of the square of a binomial, 343-344 
of the sum and difference of two 
terms, 343-344 
of two binomials, 342-343 
Product Property of Radicals, 499 
Projects and Group Activities, 62, 134, 
190, 254, 309, 361, 413, 478, 526, 
572, 632, 680 
Proof by contradiction, 679 
Property(ies) 
Associative 
of Addition, 39 
of Multiplication, 40 
Commutative 
of Addition, 39 
of Multiplication, 41 
Distributive, 38, 42 
in division, 9 
of Equations 
Addition, 74 
Multiplication, 75 
of Inequalities 
of Addition, 113 
of Multiplication, 114 
Inverse, of Addition, 40 
Inverse, of Multiplication, 41 
of logarithms, 653-655 
of One, Multiplication, 41 
one-to-one, of exponential functions, 
645, 651, 665 
one-to-one, of logarithms, 654 
Product, of Radicals, 499 
Quotient, of Radicals, 502 
of Raising Both Sides of an Equation 
to a Power, 517 
of Zero, 39, 403 
Proportion, 449 
applications, 450-452 
Proportionality, constant of, 471 
Protractor, 147 
Ptolemy, 3 
Pyramid, 179 


surface area of, 183 

volume of, 180 
Pythagorean Theorem, 519 
Pythagorean triple, 527 


Quadrant, 201 
Quadratic equation(s), 403 
applications of, 405-406 
degree, 537 
discriminant of, 553 
reducible to, 557-560 
solving 
by completing the square, 545-548 
by factoring, 403-404, 537-538 
by using a graphing calculator, 573 
by quadratic formula, 553-554 
by taking square roots, 539-540 
standard form, 403 
writing, given solutions, 538-539 
Quadratic formula, 551 
Quadratic function, 333, 587 
graph of, 334, 573, 587-589 
maximum and minimum of, 591-592 
x-intercepts of graph of, 589-591 
Quadratic inequality, 567 
Quadrilateral, 162 
Quotient Property of Radicals, 502 


Radical, 24 
Radical equation, 517-518 
reducible to quadratic, 558-559 
Radical expression(s) 
addition and subtraction of, 500 
division of, 502-504 
exponential form of, 491-492 
index of, 491 
multiplication of, 501-502 
radicand of, 24, 491 
rationalizing denominators of, 
503-504 
simplest form of, 25, 499, 503 
simplifying, 25, 493-494, 499-500 
Radical function, 598 
Radical sign, 24, 491 
Radicand, 24, 491 
Radius 
of a circle, 164, 621 
of a sphere, 179 
Range, 205 
estimating from graph, 599 
of exponential function, 644 
of inverse function, 610 
of quadratic function, 587, 588 
of radical function, 598 
Rate 
interest, 101 
motion problems, 103 
in proportions, 449 
in work problems, 463 
Rate-of-wind or current problems, 
297-298 
Ratio, 449 
Rational equations, 447-452 
reducible to quadratic, 560 


Rational exponents, 489-492 
Rational expression(s), 423 
addition and subtraction of, 433-436 
division of, 426 
expressing in terms of the LCD, 432 
multiplication of, 424-425 
simplifying, 423-424 
solving equations containing, 
447-452 
Rational function, 479 
Rational inequality, 568 
Rationalizing a denominator, 503-504 
Rational number(s), 17 
addition and subtraction of, 19-20 
applications of, 26 
decimal notation for, 17 
division of, 21 
as exponents, 489-492 
multiplication of, 20-22 
Ray, 145 
Real number(s), 24 
Reciprocal(s), 41, 426 
and division, 426 
negative, 244 
of rational expressions, 426 
Rectangle, 162 
area of, 166 
golden, 163, 478, 488 
perimeter of, 163 
Rectangular coordinate system, 201 
Rectangular solid, 179 
surface area of, 182, 183 
volume of, 180 
Regular polygon, 161 
Relation, 205 
Remainder Theorem, 354 
Repeating decimal, 17 
Rhombus, 162 
Richter scale, 673 
Right angle, 147 
Right triangle, 162 
Root(s) 
cube, 395 
double, 573 
nth, 489, 491 
of powers, 393, 395 
square, 24, 393 
Roster method, 55 
Rudolff, 491 
Rule for Dividing Exponential Expres- 
sions, 325 
Rule for Multiplying Exponential Ex- 
pressions, 321 
Rule for Simplifying Powers of Expo- 
nential Expressions, 322 
Rule for Simplifying Powers of Prod- 
ucts, 322 
Rule for Simplifying Powers of Quo- 
tients, 324 
Rules of exponents, 325 


Scalene triangle, 161 
Scatter diagrams, 238 
Scientific notation, 327-328 
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Second-degree equatiom;537 
Sequence, 61 
Set(s), 3, 55 
element of, 3, 55 
empty, 55 
graphs of, see Graph(s) 
intersection of, 55 
null, 55 
solution, 113, 249, 305 
union of, 55 
writing 
using roster method, 3, 55-56 
using set builder notation, $e 
56-57 
Set builder notation, 56-57 
Sides 
of an angle, 146 
of a polygon, 161 
Sieve of Eratosthenes, 134-135 
Similar triangles, 450-451 
Simple interest, 101 
Simplest form 
of an exponential expression, 324 
of a radical expression, 25, 499, 
503 
of a rate, 449 
of a ratio, 449 
of a rational expression, 423 
Simplifying 
complex fractions, 443-444 
complex numbers, 509-510 
exponential expressions, 321-326 
expressions with rational exponents, 
489-491 
radical expressions, 25, 493-494, 
499-500 
rational expressions, 423-424 
variable expressions, 38-44 
Slant height 
of a cone, 179 
of a pyramid, 179 
Slope-intercept form of linear equa- 
tion, 229 
Slope of a line, 225-228 
applications of, 227-228 
of parallel lines, 243 
of perpendicular lines, 244 
Solution(s) 
of equations, 73 
extraneous, 518 
of inequalities, see Solution set of an 
inequality 
of linear equation in three variables, 
281 
of linear equation in two variables, 
203-204 
of quadratic equation, see Quadratic 
equation(s) 
of system of equations, 265, 281 
Solution set of an inequality, 113 
linear, 249 
quadratic, 567 
rational, 568 
system, 305 


Solving equations 
with absolute value, 125-126 
using the Addition Property, 74-75, 
85-86 
exponential, 665-666 
by factoring, 403-404 
first-degree, 74-76, 310-311 
fractional, 447-452 
literal, 459-460 
logarithmic, 652, 653, 667-668 
using the Multiplication Property, 
75-76, 85-86 
containing parentheses, 87-89 
proportions, 449-452 
quadratic, see Quadratic equation(s) 
containing radical expressions, 
517-518 
rational, 447-452 
reducible to quadratic, 557-560 
systems of, see Systems of equations 
Solving inequalities 
with absolute value, 126-127 
using the Addition Property, 113-114 
applications of, 118 
compound, 116-117 
by factoring, 567 
fractional, 568 
using the Multiplication Property, 114 
in one variable, 113-117 
containing parentheses, 115 
rational, 568 
systems, 305-306 
Solving proportions, 449 
Sphere, 179 
surface area of, 183 
volume of, 180 
Square, 161 
area of, 167 
of a binomial, 343, 393, 545 
of a number, 22 
perfect, trinomial, 393, 545 
perimeter of, 163 
of a variable, 393 
Square matrix, 289 
Square numbers, 166 
Square root(s), 24, 491 
approximating, 24, 25 
of negative numbers, 25, 493 
of a perfect square, 24, 393, 493-494 
principal, 24, 493 
taking, in solving equations, 539-540 
Standard form of the equation of a cir- 
cle, 621 
Standard form of the equation of an el- 
lipse with center at the origin, 623 
Standard form of the equation of a hy- 
perbola with center at the origin, 
625 
Standard form of a quadratic equation, 
403, 537 
Stevin, 17 
Straight angle, 148 
Substitution method for solving sys- 
tems of equations, 271-274 
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Subtraction 
of complex numbers, 510-511 
of decimals, 20 
of fractions, 19 
of functions, 603-604 
of integers, 6-7 
of polynomials, 337-338 
of radical expressions, 500 
of rational expressions, 433-436 
of rational numbers, 19-20 
verbal phrases for, 45 
Sum of additive inverses, 40 
Sum and difference of two terms, 
393 
Sum or difference of two cubes, 395 
Supplementary angles, 148 
Surface area, 182-184 
Symbols 
angle, 146 
empty set, 55 
i, 509 
inequality, 3, 57 
intersection, 55 
pi, 164 
square root, 24, 393 
union, 55 
Symmetry, 191 
axis of, see Axis of symmetry 
Synthetic division, 351-353 
Systems of equations, 265 
applications of, 297-300 
dependent, 266, 281 
graphing, 265-266 
inconsistent, 265, 281 
independent, 265, 281 
solution of, 265 
solving 
by addition method, 277-284 
by using Cramer’s Rule, 292-294 
by graphing, 265-266 
by using a graphing calculator, 
309-310 
by substitution method, 271-274 
in three variables, 281 
in two variables, 265 
Systems of inequalities, 305-306 


Tangent, 589 
Terminating decimal, 17 
Term(s), 37 
coefficient of, 37 
combining like, 39 
constant, 37 
like, 38 
of a sequence, 61 
Theorem 
Pythagorean, 519 
Remainder, 354 
Tolerance, 128 
Translating sentences into equations, 
89-90 
Translating verbal expressions into 
variable expressions, 44-46 
Transversal, 151 
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Trapezoid, 162 
area of, 168-169 
Triangle(s),153 
area of, 168 
perimeter of, 162 
right, 162, 519 
similar, 450-451 
Triangular numbers, 477 
Trinomial, 333 
factoring, 377-380, 385-388, 
393-394, 396-398 
perfect square, 393 
quadratic in form, 396 
Turning point, 633 


Uniform motion problems, 103-104, 
465-466 

Union, of sets, 55-56 

Upper limit, 128 


Value of a function, 208 
Value mixture problems, 97-98 
Variable, 3, 37 

dependent, 208 

independent, 208 

history of, 2 


Variable expression(s), 37 
evaluating, 37-38 
like terms of, 38 
simplifying, 38-44 
translating into, from verbal expres- 
sions, 44-46 
Variable part of a variable term, 37 
Variable term, 37 
Variation, 471-474, 479 
Verbal expressions, translating into 
variable expressions, 44-46 
Vertex 
of an angle, 146 
of a cone, 179 
of a hyperbola, 625 
of a parabola, 588, 617-620 
Vertical angles, 150 
Vertical line, 218 
Vertical line test, 598-600 
Viewing window, 254 
Volume, 180-181 


Work problems, 463-464 


x-axis, 201 
x-coordinate, 201 


x-coordinate of the vertex, 618 
x-intercept(s) 
discriminant and, 590-591 
of an ellipse, 623 
of a line, 217 
of a parabola, 573, 589-591 


y-axis, 201 
y-coordinate, 201 
y-coordinate of the vertex, 619 
y-intercept(s) 

of an ellipse, 623 

of a line, 217 


z-axis, 280 

Zero(s) 
absolute value of, 4 
Addition Property of, 39 
in the denominator of a rational ex- 

pression, 423 

division and, 9 
as an exponent, 323 
Multiplication Property of, 403 
Products, Principle of, 403, 537 
square root of, 493 


Table of Properties 


Properties of Real Numbers 
Commutative Property of Addition 
If a and b are real numbers, thena + b= b + a. 
Associative Property of Addition 
If a, b, and c are real numbers, then 
(a+b) +c=a+ (b+ c). 


Addition Property of Zero 
If ais a real number, thena +0=0O0+a= a. 


Commutative Property of Multiplication 
If a and b are real numbers, thena-b = b-a. 


Associative Property of Multiplication 

If a, b, and c are real numbers, then 
(a-b)-c =a-(b-Cc). 

Multiplication Property of Zero 

If a is a real number, thena-0 = 0-4 = 0. 
Inverse Property of Addition 
If a is a real number, then 
a+ (-—a) =(-a)+a=0. 


Inverse Property of Multiplication 

If a is a real number and a # 0, then 
Laat 

Multiplication Property of One cep tac - 


If a is a real number, thena:-1 = 1-a =a. Distributive Property 


If a, b, and c are real numbers, then 
a(b + c) = ab + ac. 


Properties of Exponents 





If m and n are integers, then If m and n are integers and x ¥ 0, then 
xm. xr = xmtn xm 

— = xn 

x" 
If m and n are integers, then If m,n, and p are integers, then 
(yn = xen, (en ¥ y")P = EP ye, 
If x is a real number and x # 0, then If n is a positive integer and x ~ 0, then 
xo = 1. 1 1 

x7 = sand. = x". 

Bl Ne 
Properties of Equations 
Addition Property of Equations Multiplication Property of Equations 
Ifa =b,thena+c=b+c. Ifa = bandc ¥0,thena-c =b-c. 
Properties of Inequalities 

Addition Property of Inequalities Multiplication Property of Inequalities 
Ifa>b,thena+c>b+t+ce. Ifa > bandc > 0, thenac > be. 
Ifa<b,thena+c<b+c. Ifa < bandc > 0, then ac < be. 


Ifa > bandc <0, thenac < be. 
Ifa < bandc <0, then ac > be. 


Properties of Radical Expressions 


If a and b are positive real numbers, then A radical expression is in simplest form when: 
asa * the radicand has no perfect square factors 
Wab = Va-Wband x 5 ee * no radicals appear in the denominator 


* no fractions appear in the radicand. 
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